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This  deials  with  the  subject  of  syotoni  integration  for  Aon  uub- 

riarih^Si  i't  has  been  prepared  by  thb  ONRrSponsored  SUBIC  program -as 
an  . assist  tc  the  Bureau  of  Ships  and  Bureau  of  Naval  Weapona.  The 
Nayy  Interest.  In  system  integration  has  been  aptly  expre.ased  by  Rear 
Ad«i  R.  K.  JameSj  URN,  Chief  of  thfe  Bureau  of  Ships,  in  the  April  1962 
issue  of  the  BuShips  Joighaiu 

"With  the  objectives  of  obtaining  optimum  reliability  of 
equipment,  iiq^roving  the  technical  c&pability  of  Buraaif. 
and  shipyard  personnel  and  ships'  forces,  and  perfecting 
the  integration  process  involving  BuShips  and  BuWeps  8y3> 
terns,  In^ortant  new  steps  are  being  takeni  Ror  example^ 
the  Bureau  is  issuing  a  directive  eBtabllshlng  a  new  Com¬ 
bat  Systems  Division  to  prov.lde  inproved  electronlcs/weapon 
system  services  in  each  naval  shipyard,  I  strongly  urge 
that  ail  personnel  of  the  Bureau  and  Its  field  activities, 
as,  wen  as  our  many  private  contractors  in  these  technical 
areas,  cooperate  to  the  maximum  extent  In  making  the  Nuvy^s 
changeover  from  conventional  armament  to  silsslie  weapon 
systems  a  con?)lete  success  in  the  shortest  possible  nerlod 
of  time." 

it  is  with  this  cooperative  spirit  that  tiiis  report  of  system  Inte¬ 
gration  In  ASW  submarines  has  been  prepared  and  is  submitted. 
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oviiiViiw  of  the  stuby 

A*  PURTOSE  and  OMECrn'ES 

The  purpose  of  this  study  was-  to  utiaize  the  results  of  SUBIC  research 
findings  in  dohtwl  integration  and  computer  data- pinjoeaslng  as  a  basis 
for  the  design  of  a  control  room-  for  a  W'65  THRESHER-class  submaflnc-. 
The  study  was  conducted  under  the  auspices  6*  the  Office  of  Naval  Re¬ 
search  (ONR),  although  the  specific  tasks  accomplished  were  raqueated 
by  the  ^rdaus  of  Ships  and  Naval  Weapons  • 

The  task  statements  for  this  program  may  be  briefly  summarized  as  fol¬ 
lows  f 


1)  Construct  a  portable  (Sill  scale  mockup  of  SUBIC  consoles,  Ihr 
eiudlng  panel  face  details,  capable  of  fitting  Into  a  SS(N)593 
control  roorrt, 

2)  Prepare  an  operational  sequence  (scenario)  of  a  submarine 
operational  mission  in  a  number  of  typical  situations  in  such  de¬ 
tail  as  to  provide  a  realistic  best  of  the  controls  and  displays 
to  be  devised  for  the  stations  in  the  mock*up. 

Provide  a  succinct  summary  of  computer  recommendations  con¬ 
tained  In  the  SUBIC  program  With  reference  to  Py'fiB  capabilities, 

Tlie  objectives  of  the  study  were  (1)  to  Increase  submarine  effectiveness 
Insofar  as  possible  by  control  and  display  integration,  (2)  to  determine 
the  advantages  of  a  conti’al  digital  computer  for  such  integration  and 
also  for  data  processirig  applications,  (3)  to  provide  control  room 
station  consoles  which  art-  technically  feasible  for  the  ^'6‘>  submarine- 
program,  and  (4'  to  demonstrate  the  operational  feasibl-llty  of  these 
consoles  by  evaluating  them  using  the  prepared  operatlohai  sequences! 

Bi  SUMMARY  OP  ilESULTS,  OONCtUSiOKS,  AND  RECOMMENDATIONS 

To  accomplish  the  objectives  of  the  study,  detailed  analyses  of  func¬ 
tions,  tasks,  and  ihfomation  requirements  were  cc-njuccec  i  jr  the 
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follbwliig  areas:  Ship  Control,  Fire  Control^  Sonar  Surveilian6e,  ih<l 
Command,  teas  detailed  studies  of  Monitoring  and  Operatitna  Consoles 
Were  made  also.,,  Maed<  upon  these  analyses  this  follbwing  res'ilta  and 
epnoluslons  were  driWn.. 

The.  results;  of  the  study. 'were 

1)  Wie  feasibility  of  th?  oonsples  was  demonstrated  by  subjecting 
■them  to  the  operatlpnal  sequence  requirements-  which  they  aatls- 
i'ied,. 

1)  All  instruments  and  techniques  incorporated  In  the  cdhsolq 
assigns  are  or  will  be  teehnloaljy  faaalble -by  W’dj. 

3)  me  number  of  .personnel  necessary  to  perforirt  oOntrol  IMnctipns 
has  bean  widueed  without  eonsequeht  loss  in  effeetivenobs. 

me  oohclusidns  drawn  were: 

-ll  All  taofcloal  control  functions  (excepo  radio  odmmunlcatlonfi) 
can  be  accomplished  using  six  stations  in  the  control  room. 

2)  Ship  Control  functions  can  be  performed  by  a  single  operator 
using  display  aidlne  techhiquesi, 

3)  Improved  fire  control  effectiveness  can  be  obtained' 1>y  ,pro>j 
v-lding  techniques  for  direct  utilization  of  the  human  in  making 
target  parameter  estimates  in  the  target  motion  analyses,  and  by 
the  use  of  hew  data  processing  metnods* 

J»)  Sohai*  directiveness  in  ta.rget  detection  and  clais.sificatiort 
can  be  improved  through  the  use  of  ney  methods  of  data  process^  g. 

5}  Command  functions  can  be  facilitated  by  providlf^  cert;|ln,  . 
data  which  will  aid  tactical  decisionTitiakine  at  a>  single  .statlOii, 
Viz.  comniand  and  also  by  Ideating  this  station  central  to  all 
operator  stations; 
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6)  A  separate  monitoring  capability  for  alO.  bystems-  (outilined  in 
the  study  ^  will  materially  increase  equipment  oporatlbnal  r&adl'i 
heas.  time  as  well  as  Improve  tactical  control. 

Recommenaatidha 

it  is  recommended  that  further  study  be  undertaken  for  the  W'65  sub- 
niarihe  program  to  provide  engineering  specifications  to  implemeht  the 
design  developed-  by  this  study  and  to  expand  the,  effort  to  include 
other  areas  of  tha  ship's  funetl'qnlhg. 

C.  CONPiaURATION 

T»ie  eontrdl  :jom  ooni'lguration  consists  of  six  control  stations  ar¬ 
ranged  in  a  circle  with  the  c^iifftand  station  located  Ih  the  center  6'f 
the  complex.  Ihe  eotnmand  station  is  located  Such  that  the  coiimtander 
can  easily  observe  and  supervise  his  subordinates’  perfornwnce. 

I^olng  forward,  five  operator  Stations  are  formed  fdugiily  into  .a.  qircie 
Starting  with  the  forward  one,  the  stations  are i  ship  tohtroi,  flrt 
control ,.  sdnar  surveillancei  monitoring,  and  operations,'  The  coranahd 
station  faces  forward  (to  the  ship  control  console)  and  Is  located  in 
the  tenter  of  the  control  room. 


Passageway  is  from  aft;  center  to  the  port  side  of  the  ship  dentrol  con* 
sole,  since  tactical  control  (command,  ship  control,  fire  control,  and 
sonar  surv'elllahce'  are  located  forward  and  on  the  startdart  side, 
•through  traffic  should  not  disturb  or  interfere  with  operations. 

The  expected  advantages  of  this  arrangement  ares 

1)  improved  cdttimahd  capability  since  eomifiand  Can  moro  easily 
supervise  ail  systems,;; 

S)  more  precise  data  Is  accessible  to  command;;  and; 
i)  fev^er  personnel  are  needed  to  perfchti  control  functions... 
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D.  SHIP  CJONTROI. 

The  ship  control  station  Is  design- 1  for  one  man  oohtrol,  under  normal 
watehatandirig  oohditloha,  6i'  the  major  functions  fomsrly  associated: 
with  the  steering  and  diving  sbatlon  and  the  ballast  control  station. 
Pwvlsldh  Is  made  also  for  ah  emei^ency  helmsman's  station  at  the  con¬ 
sole  In  the  event  of  a  subsystem  malfuhctjon. 

^  facilitate  one  man  control i  automatic  control  and  display -aiding 
techniques  are  provided  for  th?  two  most  demanding  tasks  performed  at 
^Ip  Control j  (!'  steering  and  diving,  end  (2^  trim  control. 

The  console  Is  designed  around  a  primary  Ship  Control  display,  SQUIRE 
(Submarine  Quickened  RBsponse)  which  is  used  to  control  the  course, 
depth  and  pitch  of  the  ship  via  the  planes  end  rudderi 

The  advantages  of  this  console  relative  to  stations  how  In  operation 
arei 

1)  physical  control  over  the  submarine's  position  Is  cehtrallssed 
at  a  single  station  requiring  a  single  opex'stOr 

2)  the  use  of  dlspiay-aidirig  both  for  trim  and  steering  and 
diving  allouo  the  operator  to  actively  participate  in  both  tasks' 
while  the  tasks,  themselves,  are  made  less  demandlrg 

3)  wi'.h  SQUIHE>  the  operator  can  exercise  better  control  of 
course,  pitch  and  depth,  using  a  single  display. 

An  additional  capability,  .  ,  otrolilhg  depth  at  zero  speed 

is  also  provided. 

E.  MRE  CONTROL 

The  fire  control  station  has  been  designed  to  Incorporate  the  following 
major  nev/  features-; 

V)  simultaneous  handling  or  four  targets  and  four  weapons. 

2)  direct  utilization  of  the  human  in  mr-king  target  parameter 
estlB’-atos  in  the  computer  localization  solution. 
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3) ‘  visual  d^fcedtioh  of  target  zlgs. 

4) '  evaluation  of  localization  aoiutlona  :]6y  means  6f  eaitiulatea: 
klli  probabilities* 

5)  automatic  determination /arid  Insertion  of  weapon  oortiroi  funp- 
ttons  by  the  computer, 

6)  a  means  of  aolvir^  the  ambiguous  consort  trtanguiatlon  problem. 

ihe.  three  main  components  of  the*  console  are  f  taotloal  dliplay.  four 
target  ahalyeers,  and  a  .weapon  and  tube  panel  above  the- taotioil  dis¬ 
play.  TOe  fully  manned  console  (battle -atatlohf)  fepaires’ ah  epefitor 
for  each  of  two  ahalyzerSj  and  a  tactical  display  operator.  The  pre^ 
greas  of  target  loeal-i?atlon  jplutlona  and  »»apdh  preparitldhS;  can  be 
supervised'  by  the  attack  coordinator  from  behind,  the  seated  -operators.-- 

!?.  SONAR  ,&UR^niLANCE 

Five  Operator  positions  are  located,  at  the  sonar  surte  11  lahoe  statldni 
(-T)  passive  Initial  detection*  (2)  frequepcy  mohltprlng>  (3)  61a8il>. 
fdcatlOn*,  (M)  passive  tracking,  and  (5)  active  tracking.  Adtlvltles. 
perfomed  at  the  stations  correspond  to  the  several  phases  of  the  adhar 
auwclliance  mission,  i.e.,,  initial  detection,  classification,  and 
tracking  (active  and  passive). 

The  sonar-surveillance  console  major  modifications  can  be  stminarizCd-  pa 
follows  5 

i)  Tlie  number  of  operator  stations  has  been  rodueed  frOm  seven 
to  five, 

S)  A  pimus-type  pro-formed  beam  sonar  system  has  been  Irieorpo.rated 
to  provide  passive  initial  detection  data.  This,  type  Of  system 
provides  (a)  data  from  both  broad  and  selected-fixed  frequency 
bands;  (bl  the  capability  fr  «?leofclng  post -detection  Integration 
Intertalsj,  (d  continuous.  360 '  detection/  and  (d)  btattatiCai 
testing  for  signal  presence. 
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3)  fiemon  and  reeorderD  for  presentation  of  refined  frequenuy 
analyses  have  been  added. 

k)  Passive  rahgihg  and  aotlve  range  and  range  rate  shilyses;  have 
been  autoniatedi 

Q,  THB  CO^AND  STATION 

The  purpdse  of  the  command  station  Is  tj  provide  information  at  a 
level  of  piocessltig  and  Ih  a  fpfit  bbnmenahrate  With  the  heedi  for  dom^ 
mand  declslbh-makihg. 

A  Tactical  Display  automitleally  provided  a  bearing  line  for  a  target 
from  own  ship  loaatloh«  Its  bearing  drift*  speed*  and  bontadt  dWslgna- 
tlon  aa  well  as  the  target  r'.nge  ohd  Indication  of  target  slg|;  .ged> 
graphic  contours*  and  wea^h  r^'^e  rings  may  be  displayed  with  the 
odhtrols  provided  at  the.  commeuder's  option.  Ahother  eohtrol.  jprovldes 
the  capability  for  the  display  of  past  targets  or  own  ship  traoksi 

Ae  Acouatlr;  DetectiPh  Environment  Display  la  ah  aid  to  depth  seleotloni 
It  can  proaent  probability  Pohtoufs  indicating  the  detection  bapatlllty 
of  owj")  ship  or  target*  All  of  the  possible  contours  may  be  for  Plther 
of  three  detection  probability  levels  (.^*  *7*  .9).  Display  Inputs  ln> 
elude  characteristics  of  the  environment  (e.g.  bathythermograph  data)* 
depth  and  figure -of -merit  data.  The  former  are  Inserted  and  piooesaed 
by  the  computer  phile  controls  provide  for  the  insertion  of  own  ship 
ahd/6r  target  oharaoterlstiesi 

H.  MCHITDRlNa  AND  fePERATIONS  STATIONS 

These  two  statlonsi  while  not  originally  a  part  of  this  study*  are  in¬ 
cluded  slhPe  integration  of  taetlcai  control  necessitates  provlsldh 
for  these  stations  In  the  control  room.  Unfortunately*  time  limita¬ 
tions  precluded  the  same  detailed  treatment  accorded  the  other  stations 
discussed*. 

The  concept  of  a  specialized*  centralized  area  deyo.ted  primarily  to 
indhltPrlhg  Is  a  new  departure  from  present  submarine  praotlce.. 
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ContfAllaed  monitoring  will  materially  Improve  submarine  effectlveneas 
byt  i)  ensuring  better  use  of  the  oomputor  for  monitor I w  Cunetlohsi 
8)  permitting  both  malhtehanoe  and  perfonhanoo  fhohltorlhg#  H)  allowing 
morittoplng  of  many  boutlhe  funeHohs  now  nionitomd  on  o'lier  consoles 
thus  reducing  wortc  loads  at  these  consoloo,  1|)  pi’ovJdJng  Cor  ifclundaht 
monitoring  of  certain  oritloal  Hems,  arKi  5I  tarnishing  more  effective 
mohltorthg  through  special  circuit  design,,  computer  utilization,  and 
operator  speclallzatibh.  The  tactical  use  of  the  Monitoring  Conoole 
ia  that  preblae  data  oh  equipment  perfoimanee  i-umlshed  to  command  and 
other  peraonnel  In  the  control  room  will  enable  more  effective  use  of 
the  equipment  systems  monitored  thus  contributing  to  submarine  effec* 
tlveness. 

•the  operations  station  Is  incorporated  to  ponnll;  centralizing  control 
of  radar,  ECH,  navigation.  Internal  voice  communications,  and  the  ex¬ 
ternal  iV  periscope.  Ttie  advantages  associated  with  the  Operations 
Console  ares  1)  provision  of  a  control  location  for  those  functions 
essential  to  taotlnal  ribmarifte  deploytient  not  controlled  elsewhere  in 
the  cohtrol  roomi  command  may  oxerelne  diroct  supervision  from  his 
position,  wiien  these  functions  as'-  controlled  fi-w.  tills  console;  In¬ 
clusion  of  these  tactical  ship  deployment  functions  at  a  central  loca¬ 
tion  Is  consistent  with  Integration  philosophy,  whoso  aim  la  a  alnglej, 
Integrated,  tactical  control  systenu 

Tills  console  will  incorporate  facilitloa  for  th"  control  of  four 
general  functions:  navigation,  ?)  SCM,  3I  Internal  voice  communl- 

catioha,  and  t)  remote  monitoring  of  the  TV  and  optical  periscopes. 

The  javigatlon  function  enlalla  controls  and  displays  for  auch  systems 
as  radar,  Loran,  SINS,  and-  own  ship's  trade,  as  well  as  geographical 
and  star  data  and  plotting  facilities.. 

i.  OPERATIONAL  SEQUENCE  ANALYSIS  AND  TESTS 

One  task  of  the  currert  project  was  to  pr»par<i  operational  sequences 
corresponding  to  various  phases  of  4  THRESHER-olass  submarine  oper¬ 
ational  mission.  Tne  purpose  of  these  sequences  was  to  tost  ti>e  feasi¬ 
bility  of  the  various  station  consoles  lo  deteimlno  if  tney  satisfied 
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the  Kqulrementa  of  the  operational  s^uehoesi  l^ese  oi^ratlonil 
iequehoea  wera  comprised  of  lists  of  speoifid  dvents  which  oeeur  In  a 
given  submarine  situati6h«  ^ari^ahged  In  omler  of  peeurrehee.  As  used 
in  this  studvi  activities  Include  verbal  oommahdsj  rasppnses  to  com- 
mandSi  lhter>atatloh  cpirauhl6atl6hs>  and  operator  aotldhSt 

TOe  operational  ioquence  utilised  dorraspdnded  to  four  typldaii  and 
relatively  Ihdcpondeht  phases  or  altustlohs  of  s  typlosl  sul^Hhe 
mission,  ^'ie  weret  1)  getting  undpx^y  i  prooeas  i^eraby  the  sub¬ 
marine  leaves  Its  .ihphdrage  and  nSvigatei  through  rastrleted  wstera  bo 
the  pplnt  of  diving)  g)  frihalti  the  sltustlph  during  >rt)ioh  thi  sub¬ 
marine  piradeeda  to  Its  ottered  station)  3)  6n-^atldh  Patrol  i  the. 
adtlvltlds  engaged  In  while  e-ltraillhl;  oh  Its  assigned  station) 

4)  ASW  aotlohi  the  situation  In  which  a  target  Is  detedtedi  Identified 
approached,  and  attacked  using  any  of  a  variety  of  weapons. 

Since  the  sequence  lists  Items  of  typical  events  and  spedlfld  aotldna 
required  to  accomplish  these  dvents,  It  may  be  utilised  to  test  poh-* 
sole  feasibility  by  ensuring  that  each  console  provides  controls  and 
displays  which  permit  perfonnshoe  of  each  apeclfld  event  within  each 
of  the  four  situations. 
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l.i  BACkOROUND  Of  ■  TOE  ^DY 

file  Office  of  Naval  ftesearch  {.Code  i)66)  in  late  1961  offered  tp  provide 
assistance  sa  desired  by  the  Bureau  of  Ships  in  the  anilysls  of  iMture. 
systein,  integration  of  ASW  subtiarlhes*  ONR  has  tben  sporieoring.  since 
1958  a  study  effort,  the  SUBIC  progi^m  (oohtraot  UOhr  851'^ {66)1  ,  nhi«h 
related  directly  to  this  problerai  BuShlps  T^preBehtatlyos  availed 
themselves  of  the  offex'  by  requesting,  oh  a  3"N^el<  time  scale j,-  ah  OMR 
SUBIC  report  ydilch  *wuld;  assess  the  ayateti  Integration  posalbllltles 
for  a  fiscal  '65  Thresher  cjass  ASM  submarine,  ihe  EleCtxio  'teat 
Dlvloion,  as  prime  contractor  to  pNR  for  project  SIBIC,  aOcortlngly  de¬ 
livered  the  requested  report  {reference  T)  oh  25  September  1961.  Thla 
report  described  l)  a  fiscal  '65  system  which  Inooiqjorated  improved 
pCrfOniiahoe  Items,  2)  art  analysis  of  the  system  for  the  standpoint  Of 
performance,  3)  an  analysis  of  cOat  and*  equipment  requirements,  and. 
q)  in  as  much  detail  as  was  then  available,  the  operator's  console 
panel-face  layouts.  It  proposed  a  more  comprehensive  apbroath  to  syi^ 
tem  Integration  than  was  being  suggested  at  the  time  by  the  BuSliijpB- 
CSED  (Coordinated  a.lp  Electronic  Design)  progrera  because  a  *65  rather 
than  a  '63  ship  has  been  specified  and  the  ’Minimum -Cost"  constraint 
of  the  CSED  '63' program  had  been  relaxed  for  the  purposes  of  this 
particular-  study, 

Upon  review  of  this  initial  ONR-SUBIC  report  (reference  i)  the  Bureaus 
of  Ships  and  Weapons  cooperated  in  the  drafting  of  a  new  set  of  tasks, 
These  tasks,  transmitted  through  the  Bureau  of  Ships  to  OMR,  read  as 
follows? 

1)  The  Bureau  of  Ships  desires  that  a  subtask  be  assigned  to  the 
Electric  Boat  Division  to  make  further  study  of  the  central  com-, 
puter  complex.  Provide  a  succinct  sununary  of  computer  reopBmienT 
dations  contained  irt  SUBIC  and  other  studies  plus  such  additional 
study  as  .may  be  required  addressed  toward  the  foliowing? 

a. 


CObiFiEINriM 


'a)  A  speclMc  ilsjfclpg  of  bhe  fuhofcldnai  j^qiUrem&ntb  a 
dig-i  eal  ooji^iutilng  cental*  1.h6^,uding  tHoae  addltjional  diiptbli- 
itleb  briefly  diecuased  in  the  preilsilnary  report  dated 
25  September  1-961.  Theoe  should  be  asolgned  -d  , priority  ^baSed; 
on  operational  value  to  the  performance  of  the  shlji  and  their 
oontplbutldn  to  the  efficiency  of  l^e  command  loop  Byatdnii 

b)  A  closer  tmalysls  of  the  merit  of  the  iiiodular  cS%uter 
deelgn  vereua  multiple  unit  computer  of  the  tiSQTa6/3;  type 
(full  bacjc-i^i  capacity).  Relative  cost  flguMS  for  the  acif 
cbn^plishmeht  o^  each  ays  tern  on  a  aihgle  prototype  Inataiiatlon 
-jmd  In  roilow-up  quantities  is  desired.  :Piaf.tl6uliar  eniphasls 
is  to  be  given,  the  development  effort.  In  time  and  cost*  of 
intercohiffiunloation  between  modules  in  the  modular  oohoojcti 

0)  A  rtaiistlc  feasibility  analysis  of  the  need  for  a  dehtral 
computer  doin)lex  of  either  t^e  in  llghi  Of  the  flhdinga  of 
a)  and  b)  to  Justify  this  portion  of  the  s.ulXC  system*, 

2)  pevlse  an  operational  sequence  (sdenafio):  of  a  submarine 
operatlohal  missloh  ip  such  detail  as  to  provide  a  realistic  test 
of  the  controls  and  displays  of  a  SlIBiC  control  robra  In  the  foi- 
lot^ing  situatlbna; 

a)  Getting  underlay 
bl  iPllovlng 
Transit 

4)  Surveillance  (air,  purfabe,  subsurface  targets) 

ASW  action  using  all  weapons  (Cond,  lli) 

£-)  ASW  action  uslrtg  all  ii<eapons  (Cond.  i); 

,g)  Selected  .casualties 

p)  ferforra  tents,  of  the  panel  full,  slae  i)rlnts  and  the  capabil¬ 
ities  outlined  in  the  2&  September  report  against  the  Opei-ational 
sequence  devised  in  2).  Proylde  facilities  for  permi.ttlng  slndlSr 
tests  of  SUBIC  concepts  by  fleet  aliU  Navy  Department  perabimel; 
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4)  Using  inCorinatloh  from  2  and  construct  a  portable-  iHiii 
scale  dardboart  raockup  of  SUBIC  consoles  capable  of  being  fitted 
Into  an  SSN593  eontixil  room. 

5)  At  the  conclusion  of  4  ,  deatrlbe  the  equiipeht  required  tb 
instrument  an  operating  version  of  the  mockup,  l.e,„  a  breadboard 

systems 

6)  Prepart  suitable  preldmlnaiy  speclTldatlons  for  the  equipment 
described  In  5  • 

Vihertas  SUBIC  had  prtvlously  concentrated  on  rtrtlcularly  critical  sys¬ 
tem  Integration  problems  these  new  tasks  clearly  required  a  more  oqmr 
prthenslve  system  analysis.  Upon  review,.  It  appeared  that  the  tasks- 
could  be  accbmpilshfed  oh  a  .'r  wook  time  scale  and  the  Costs  incurred 
would  be  considerably  In  excess  of  the  amount  allocated  for  the  Work 
from  ONR  SUBIC  funds.  The  coat  and  time  .estimates  had  been  derived  on 
the  basis  of  detailed  rERT  chart,  developed  by  the  Kleotrlc  ifoat 
iilviaion  and  shown  In  Appendix  A  to  this  report.  At  a  meeting  at  the 
oCflce  of  Naval  Research  oh  3  November  1961,  BuShlpsiBuWeps  representa^ 
tives  accordingly  requested  a  rtduood  scope  of  work  by  deletion  of 
tasks  luems  l(b',  1(c)  and  6  ,  A  later  agreement  also  resulted  In  de¬ 
letion  of  task  Item  5  ( "describe  chc  equipment  requlrtd  to  Instrumeijt 
ah  operating  version  of  the  SUBIC  mockup,  l.e.  a  breadboard.  SUBIC 
system")  for  the  following  rtasons,: 

ll  It  was  considered  wasteful  of  material,  money  and  manpower 
to  recoimnend  instrumentation  of  ah  operating  version  of  the  ttiook- 
up,  in  a  superficial  fashion,  l.e, ,  to  instrument  operator  con- 
solos  so  that  lights  and  dials  would  operate  but  with  no 
particular  reallslOi  It  was  felt  that  a  demonstrator  of  this 
nature  might  well  hinder  program  acceptance. 

2.)  It  was  desired  to  avoid  the  Imp- cation  that  a  more  realistic 
simulation  facility,,  of  the  type  Considered  essential  b.v  the 
SllBlc  program,  could-  contribute  to  fiscal  '65  submarine  integrated 
system  design.  An  appropriate  facility  should  rather  bo  viewed 
as  a  continuing  -roscarch  tool  not  geared  to  noai-terr,  shipbuilding 
programs. 
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This  docufteht,  therefoTC^  reports  the  studies  whitli  ife^ipe  toi  the  re- 
mitihihg  tasks^  A  wealth  of  pmvlously  developed'  system  Iritegritioh 
iMteflai  and  subiurlrie  operator  pplhldh  has  teen  d^awn  updn  in  geher> 
ating  the  report,;  Although  this  study  is  ah  initial  step  only,  it 
will  be  a  valuable  Jguide  to  future  integrated  system  design  and  shoiild 
be  a  logical,  basis  for  i^iated  discussions 

li2  SUMMARY  PF  ACC6MPLia«MEOTS 

The  most  Im^ftant  eleniehts  of  tactical  submarine  control  have  been 
integrated  into  a  unified  configuration  placed  attiuhd  the  Orammand  Ra¬ 
tion.  The  oonfiguratibh  thus  obtained  proyldea  for  accomplishment  of 
seVerai  major  design  objectives  which  will  contribute-  to  overall  sub- 
n^ribe  tahtiflsi  effectiveness 

First,  complete  tactical  control  (eHcludlng  the  engineerihg  and  exr 
terior  comnunicatidns  functions)  has  been  dentfailzed  in  a  20  x  2P  foot 
area  cornspdhdlhg  to  the  area  available  in  the  SS(N)593  THi^Np 
cdhtrdl  fpqm.  The  control  cphsples  have  been  located  in  a  semlaclrcle 
around  a  Command  Statibh.  The  Concept  of  a  Command'  St|tlon  is  soroe> 
what  of  a  departure  frdm;j>r.esent  submarine  deslp.  It  is  made,  fea8> 
ibie,  in  part,  by  the  dhtegratloh.  While  provision,  of  a  tomniand 
Station  is  Ih  no  way  Intended  to  imply  chat  the  cpiwnander  is  or  shojild 
be  restricted  to  this  area  during  tactical  submarine  depi6yment<  it 
does  provide  a  looatich  for  the  display  Of  certain  luiique  information 
‘  :fdr  him. 

Second,  the  arrarigenwnt  of  the  conti’ol  consoles  enables  the  commander 
(or  his  delegated  representative)  to  supervise  directly  each  sub« 
ordinate  cdhsole:  operatori.  Thus,,  the  Coirnnander  can  more  readily 
delegate  mdi«  responsibility  to  subordinates  since  hts  central  location 
perndts  him  to  better  supervise  and  intefponb  in  a  developing  situation 
if.  required,. 
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Third,  full  advantage  has  befen  tak6n  of  the  Integration  potentlalltlia 
offered  by  digital  coritputer  capabilities.  New  dlspl^s,  I’esultlng 
fik>m  digital  processing  of  raw  data,  on  eabh  of  the  donaoles  will  ma¬ 
terially  Increase  the  effeetlvenevts  of  each  of  the  control  oohaoiaa  In 
their  performance  of  many  associated  control  tasks.  The  commander 
from  His  central  location  has  direct  visual  access  to  these  data.  Tfie 
oommafidef’s  decision-making  basks  will  thereby  be  greatly  facliltated. 

Finally,  the  arrangement  of  consoles  within  the  control  room  and  the 
capabilities  for  control  they  how  afford  Will  materially  reduce  the 
nmber  of  nien  needed  for  effective  control.  ^Is  has  two  obvious  adr 
vantages !  fewer  personnel  abe  needed  in  oven  the  most  demanding  iltu- 
atiohs  and,  conaeqiK^ntly,  there  will  be  leas  traffic  and  distraction 
In  and  through  the  control  room.  This,  in  Itself >  Is  a  major  aoobmr 
pllshment  when  compared  with  the  present  control  room  situation  In  a 
battlestatloha  action» 

A  realistic  operational  sequence  of  an  afctack-tclass  submarine  has 
been  developed  from  Interview  data  and  operational  logs;  The  purpose 
for  which  the  sequence  was  developed  was  to  provide  a  "first  test"  of 
the  feasibility  of  the  control  room  arrangement  and  the  console  panel- 
face  layouts..  It  constitutes  one  method  of  ensuring  tliat  all  present 
functions  are  accounted  for  In  the  now  arrangement.  .Moreover,  when 
an  operational  sequence  Is  sufficiently  detailed,  as  in  the  present 
case,  lbs  use  will  go  far  towards  preventing  loos  of  functions  which 
might  otherwise  occur  in  a  major  integration  effort. 

Since  the  operational  sequence  is  a  detailed  exposition  of  a  typical 
modern  submarine  mission,  it  should  be  of  value  to  tb.e  Navy,  apart 
from  its  application  to  the  present  study.  It  is,  for  exairple,.  11-, 
lustra tlve  of  the  types  of  events  which  typically  can  be  expected  to 
occur,  the  amount  and  kir<n!'  of  inte^ljersonal  communication  typical 
of  four  phases  (situations)  of  an  operational  mission,  the* inter¬ 
relationships  of  tne  control  areas,  and  the  responsibilities  of 
commands  . 
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operatl^l  sequcn6«,.  therafora*  oe  used  to  provide  oohslderobie 
ihalcht  Into  ^ubmlrlne  operational  problems  Cot  hdn-submarlhe  Oi'flderei 
Thus  It  Is  one  of  thb  il^fldaht  acdonpllshmhts  of  tols  researdh  pro- 
gz^. 

1 , 2 . 1  Methods  Used  lh  !^is  Study 

Sjx  consoles  have  been  teslghed' at  integral  units  d^  toe  control  room, 
^e  consoles  '  designs  rosulted  from  the  appllca^^lto  of  a  .pirtloular 
method  to  the  problems  Involved,  ^e  steps  or  phases  of  the  method 
will  be  described  briefly  to  indicate  the  domoh  baokgroimd  from>  which 
each  ddhsole  was  devalued.  Since  each  console  presehtad  certain 
unique  problems  arid  Was.  limited  by  different  equipment  constraints* 
however*  differing  ampunta  of  eiiphasls-  wero  placed  oh  the  steps  pf 
the  method.  For  example*  the  command  console  design  was  limited  by 
a  lack  of  precise  dpta  on.  what  infonutioh  coimahd  actually  hpeded* 
while,  oh  the  other  hand,  there  was  a  considerable  backlog  of  physical 
data  from  Which  tp  design  toe  ship  control  oohsolei  The  other  consoles' 
were  somewhere  betwe'eii  these  two  extreinee.  The  methodological  ipproech' 
was  as  follows: 

Mission .Analysis 

A  mission  analysis  was  wdex  taken  for  each  area*  This  arialysis 
consists  Of  a  precise  definition  of  the  purposes  and  Intended 
uses  of  tUe  console  In  question  related  tO  the  overall  mission 
of  the  submarine i  It  was  based  upon  study,  of  the  submarine's 
Intended  mission.  Its  operational  capabilities,  and  the,  systems 
involved* 

Sys  tems^Andly sis 

FOllowiiig  definition  of  the  mission,  a  system  analysis  was  under¬ 
taken  to  delineate  the  characteristics  of  each  system.  The  an¬ 
alysis  was  based  on  an  examination  of  systems  and  subsystems;  the 
basic  source  data  was  the  mission  pi.alysis  and  the  actual  opera¬ 
ting  systems.  The  result  Of  this  phase  of  the  investigation  was 
de.terniiriatlon  of  operational  system  oonstrainis. 
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!^cti6hatlj>naiyals 

After  detertiinatioii  of  the  operational  oyoteBl  donatr^lhta,  the 
hiheticns  aaaoolated  With  each  ayatem  Were  laolated  by  breaking 
down  each  ayatem  Into  the  specific  functlona  performed,  iheh 
ualng  anaiytleal  methods  a  list  waa  derived  of  the  speolflo  fiihe- 
tlSna  Which  each  system  must  perfonn  In  oilier  to  aoeompilah  Its 
purposes,  tesulta  of  this  phase  were  the  data  Which  oOhatltOted 
the  base  for  the  remainder  of  the  research. 

gask  Analyals 

By  a  task  analysis  the  fimcblons  were  further  broken  down  Inso 
the  specific  tasks  which  must  be  accomplished  to  perform  the 
functions  required. 

Task -Alioeatlon 

When  all  tasks  associated  with  a  specific  system  had  been  derived 
(In  the  preceding  step..),  each  separate  task  was  assigned  to  either 
the  human,  or  the  machine  component  of  the  system  On  the  basis  of 
whether  the  task  is  perfom?d  best  and  most  reliably  by  the  human 
or  the  machine.  Numerous  compromises  were  necessary  because  of 
tne  otatc-of-the-art  in  equipment  design,  work  loads,  cotipucer 
capacity#  and  equipment  constraints. 

Information  .and  .Control  Itegulremonts 

Based  upon  the  task  analysis  .and  task  allocations,  the  Information 
and  control  requirements  needed  by  the  human  were  deduced,  These 
requirements  then  constituted  the  data  used  to  develop  the  console 
designs. 

These  console  designs  are  a  significant  accompl.lshment  of  bhe 
present  research  program,  since  the  level  of  Integration  achieved 

Willi 

1)  permit,  centralising  all  oonbro.u  and  displays  associated 

^  _  '4 ' 

with  ship  control,  suryeillaqoe,,  fire  control,  and  conunand 
in  specific  control  consoles. 
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S)  ^n^lole  6  to  9  men  to  control  all  functions  In  the  hbimi 
erulfe'  sitxwt-iun*  Qf  17  men  In  the  battler 

stations  condltioni.  table  t-l  cdmpares  toppower  pefuirmwhts* 
for  pmseht  TORSSHShroiass.  submarines  with  thbsb  requlmd  for 
the  hew  iSifflIC  eohtroi.  room  pbhflguriitibh,*  the  table;  shows 
that  stghiflciht  savings  in  personnel  Mtiiisatibh  hai  been 
obtained  In  both-  pjjMrational  oohditionp^.  fibie  i-s  shows  the 


pbrsohnei  now  utilised  by  the  tJIRBdHiR  ih>  the  areas' 


Ihaioated 


3)  utilise  the  digital  computer  td  generate  hew  displays 
which  will  maKe  more  effective  the  cbht'wi  exercised  fr^  the 
CohsbibSr 


Ah  addltipn|l  apcs^pli'ilmeht  of  the  study  is  the  deyblbpmeht  of 
Entirely  hew  eapabil'itlei  asiobiated  with  each  bbnsole.  fhesb 
cipabilitiec,  which  are  discussed  In  the  apprbpfltte  sebtlohs 
beibVf,  greatly  enhance  the  ooeibat  efreetlyeheBii  of  the  aulwmrlhe, 
Some  examples  are  the  SQUIRE  display  for  ship  oojntrbl,  improved 
target  localisation  techniques  In  the  fire  control  areai  better 
oiasslflcatloh  and  detection  techniques  in  the  sonir  area,  tacti* 
Cal  displays  for  command  and  fire  control  which  constitute  hew 
and  powerful  aids  for  tactical  submarine  utilisation,,  the  Intei’r 
cept  course  predictor  syatem  located  on  the  operations,  console, 
arid  the  jnpnltorir^  capabilities  provided  by  the  mohitoring  eon- 
sole. 
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personnel  REQUiREMENtS 


Station. OP  Console 
Ship  Control 
Command 
Fire  Control 
SUrvellianee 
Monitoring 
Operations 

MlsoeilanSous  Personnel 
TOTAL 

Notes! 

a<.  Rovdng  forward  watoh  available  to  operate  P/C  .Firing  Panel 
or  other  P/0  equipment  on  ‘raergenoy  basis,. 

bi  iholudos  sonar  supervisor, 

c,  Depends  on  ship's  policy,  tactical  situation,  and  mission, 
di  Quarteraaster. 

e.  May  serve  as  additional  personnel  for  P/c  party. 

C,  I.C.  electrician. 

g.  I.C,  electrician  and  periscope  assistant. 


^10 

THRESHER-ClasS.  Proposed.  Dealgh 


Nonsal 

Battle 

Normal 

Battle 
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tAM.E  1-g 

TORESHER  PERSONKEL  OROANXZATIOK 


Homal-CTOlae 


OonnlhK  Otfldar 

bivlhg  Officer 
Aii).  Oohtrailers 
E..  HelmsmaivlNeaaenger 
Ballast  Control  Operator 


6orona.id 


1 

^Ip.  Control 

1 

i 

1 

1 


Eire  Control 


'Roving  Pud  Watch 


Navlretlon 


Quartehnaster  1 

Mlac. 

id  Eledtrician  1 


Operators 


Sonar. 

2 

IT 


Battleatationa 


1  Approach  Officer 


1  Diving  Officer 

2  ^ip  Oohtroilen 

1  Urgency.  Kelmaian 
i  Ballast  ^htroi  Operator 


1  Attack  Ooofdlnator 
1  Time  ftjafing  Recorder 
1  time  faring  Plotter 

i  time  tearing  Plot 

Operator 

1  Relative  Motion  Plot' 
Operator 

1  Strip  Plot  Operator 

2  P/c  Analyzer  Operators 
1  -P/C  Panel  Operator 

1  Narrative  Recorder 

i  Nav  and  Safety  Plotter 
(Navi)  ' 

i  Nay  end.  Safety  Pidt 
Bee  "^er 

1  Qdartei^iiaater 
1  SS  Radaf/KOM* Operator 


1  ic  Elect fie i an 
1  Periscope  Assistant 


7  Operatoi's  i,  SupeiVlaore 
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CONtROi.  ROOM  ARRANOEMENt 


£.3  DESCRIPTION  AND  ARRAHdEMENT 

Thfr  i^rontlaplece  am?  Figure  2-1  ahow  the  arrangement  of  the  cohaolea  In 
the  control  rOotni  Five  conaolea  (.Surveillance j.  Plrt  Control,  Ship  Con¬ 
trol,  Op^rationa.j  and  Monitoring)  have  been  placed  In  a  modified  circular 
arrangement  pith  the  Command  Station  In  the  center.  The  cohtfoi  room 
ocouplea  an  approximately  SO  x  20  foot  useable  area,  extending  completely 
across  the  ahlp  at  the  upper  deck  level.  Through  paaaageway  la  from  the 
center  aft  to  the  portalde  of  the  Ship  CpntK>l  oonaoie,,  Ace«:3C  to  the 
bridge  la  via  the  portalde  passageway,. 

Design  of  the  control  room  configuration  was  developed  utilizing.  tN® 
following  guidelines; 

1)  All  tactical  control-  facilities  should  be  centfallzed  In  the 
control  roomi 

2)  Command  shou'd  have  maxdilnum  capabilities  for  direct  supervision 
of  the  total  tactical  control  facilities  for  vrtiich  he  is  responsible. 

The  basis  for  guidelines  1)  and  2)  Is  that  submarine  effectiveness 
is  directly  , -elated  to  the  ease  and  speed  with  which  control  data 
are  made  available  to  the  users  for  decision-making  and  for  action*. 
Both  decision-making  and  action  taken  will  be  improved  when  dlrSct 
links  of  critical  Subsystems  are  available  to  command, 

3)  The  digital  computer's  full  capabilities  for  aiding  tactical 
control  can  best  be  utilized  by  Integrating  the  sovera.l  aubsya.tems, 
into  a  unified  centrally-jocated  system  convenient  to  the  commander. 

In  this  case,  computer  data  processing  allows  better  Summation 
of  raw  data,  improved  data  displays,  introduction  of  new  types,  of 
data  resulting  from  statiatloal  processing,,  and  improved  automation 
capabilities!  When  these  facilities  are  appropriv.Bely  combined. 
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the  pui^aes  specified  In  1)  and  2)  above  will  be  achlevedi  space 
and  size  requirements  for  control -display  equi^eht  will  j^irolt 
integration  Into  a  single  overall  system. 

k)'  Reductions  In  manpower,,  through  traffic,,  arid  visual  and  audi¬ 
tory  distractions  :(lh  battlestatidn  action,  particularly),  can  be 
obtained  by  Integration  and  Improved  contfol-_dl8play  paj^^bHitles. 

ihe  digital  computer  will  reduce  the  manpower  requirement  by  pef- 
foimilhg  many  of  the  routine  functions  how  perforaed  by  man  andj  In 
additldn,  providing  hew  capabilities  In  display  and  autcmtldh 
aroaa,  if  manpower  is  Reduced,  both  traffic  ahd>  distraction  can 
be  reduced,  by  suitable  station  arrangement. 

Since  maximizing  command  effectiveness  was  a  major  design  goal,  the 
Coimiiand  Station  was  located  In  the  center  of  the  arrangement.  ftx)m 
this  position  the  commander  or  his  representative  has  the  best  loca¬ 
tion  for  ovei’all  supervision  of  each  of  the  subordinate  statlonsi  !hie 
Command  Station  has  been  designed  to  facilitate  this  supervision.  .Hie 
commander  or  hla  I'opresentativp  is,  thorofore,-.  Id&aliy  situated  to 
utilize  both  the  displays  at  this  station  and  super.'lse  subordinates 
at  each  of  the  consoles. 

Hie  Ship  Control  Console  Is  located  against  the  compartment's  foi’ward 
bulkhead  directly  in  front  of  the  Command  Station.  This  location  pro^ 
vides  the  best  location  for -the  ship  controller  in  that  it  maintains- 
the  rlgh'teieft  control  relationship  with  the  direction  of  ship  travel* 
Its  location  Is  such  that  conmahd  may  easily  monitor  the  controller's- 
behavior  and  response  to  orders. 

Angled  at  to  the  right  of  the  Ship  Control  Conso.e  Is  the  Fli-e 
Control  tensole.  Placing  this  console  next  to  the  Snip  dontfol  Cpnsole 
Will  enable  command  to  monitor  both  areas  (tore  effectively  during  com-f 
bat* 

Hie  Surveillance  Console  Is  located  to  the  right  of  the  Command  Station 
•fihd  adjacent  to  Pljv  Control.  This  places  the  three  subsystems  needed 
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for  fcoipedo  action  (Cominahdj  Fire  ^ntroif  and  Suwelllahce)  togetKer. 
With  ^Ip  Ooatrol  Console  dlredtly  .fon»a^,  command  Has  available  oh 
his  i-ight  and  forward  all  'data  heeded  for-smahauverlhg  the  ship  and 
lauhehlhg  Weapohsi 

Slhse  traffic  through  the  cohtroi  fdom  inpves  to  the  left  of  the  Com¬ 
mand  Station j  meatengefa  and  .othei*  personnel,  whd  must  ,go  through  the 
eortrdi  rOom,,  wlli  hot  interfere  with  taotieai  edhtfol  or  diatfiiot. 
operating  persohhebi 

Aft  of  the  forward  paasageway  oh  the  port  side  of  the  control:  room  Is 
the  Operations  Console.  Tills  station  wlil  control  fadaf,  BCMj.  havigsr 
tlon.  and  interior  commiinicatiohs.  Since  these  hmetiohs  are  ihterr 
mlttent,,  this  station  would  be  usdd' infrequent iy  during,  attaeic 
sltuetipns,  except  when  radar  ratheh  than  sonar  was  used  to  funiish 
data  to  fire  control.  With  Improvement  In  sonars j  It  Is  expected  that 
radar  will  be  most  frequently  used  for  navigation  only.  Nevertheless, 
the  capability  of  utilising  radar  for  fife  control  has  been  maintained 
for  the  Infrequent  heed.  In  this  situation,  command  will  have- tH§ 
capability  of  supervising  the  three  forward  stations  (Operations,  Ship 
control,  and  Fire  Control)  during  attack  operations. 

A  Monitoring  Console  Is  located  aft  of  the  Operations  Console,  This 
console  provides  for  monitoring  of  critical  operations  and  statue  dis¬ 
plays;  it  will  furnish  command  with  precise  data  oh  Cqhlpmeht  opera¬ 
tion  and  performance  degradation.  Since  data  on  this  console  are  used 
by  command  on  a  demand  or  as-needed:  basis,.  It  can  be  appropriately 
located  out  of  the  more  crlWcal  attack  control  areas;. 

2. ?  ADVANTAdES  AND  EXPECTED  GAINS 

'file  preceding  discussion  has  Indicated  some  of  the  advantages,  a.asoclf 
ated  with  the  proposed-  arrangement ,  We  may  summarize  the  advantages 
and  expected  gains  of  the  .proposed  configuration  as  follows! 

l)  Improved  tactical  effectlvehessj.  since  all  elements  of  tactical 
control  have  been,  cf.'htrallzed  into  one  area.. 
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2)  iinpx^ved  command  control,  because  command  can  more  readily 
supervise  all  systems. 

i)  fetter  data  for  command  decision-making,  because  of  data- 
proeessing  and  direct  availability  of  essential  data. 

/»)  Reduced  ’raffle  flow  distractions  Inasmuch  aS,  th«  .arrangement 
permits  through  traffic  without  interfering  with  essential  bper- 
atidhs. 

5)  Inprbved  cojrnnahd-  decision-making  In  regai-d  to  operational 
readiness  and  systems  eapabilitles,  which  results  from  ihcorporr 
ation  of  the  new  monitoring  capability  (for  example,  better  esti¬ 
mates  of  how  much  time  is  needed  to  make  failed,  equipment 
operational  or  the  preol^e  amount  of  equipment  degradation  from 
optimum)  i 

6)  Greater  control  oCfeotivehess  as  the  result  of  the  configura¬ 
tion  (which  allows  more  direct  supervision)  arid  due  to  the  level 
of  integration  achieved'  at  each  dorisolei 

7)  Improved  oporatlon,  resulting  from  incorporation  of  the  digital 
computer  as  the  central  Integration  tool, 

8)  fetter  utilisation  of  fevjer  personnel  than  are  presently  re¬ 
quired  due  to  the  increased  capabilities  listed  above, 

fesed,  therefore,  upon  these  expected  advantages  of  the  .proposed  con¬ 
figuration,  It  Is  entirely  reasonable  to  expect  that  overall  combat 
effectiveness  of  the  submarine  will  be  materially  Improved. 
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'3.1  PREFAdE 

The  purpose  of*  tHla  ship  cont^i  section  is.  three-fold; 

I)  to  detemlne  -the  requirements  for  a  Ship  Control  Station  of  an 
attack  class  submarine  through  an  analysis  of  station  functions;,, 
operator  tasks,  and  Information  inputs  necessary  to  accomplish  the 
tasks  specified' 

?)  to  utilise  the  analysis  performed  in  1)  above  td  provide  human- 
factor  Inputs,  to  the  cfeslg.i  of  a  Ship  Control  Station  Console  for 
the  FY' 65  attack  dlaa.s  submarine 

3)  CO  demonstrate-  the  feasibility  of  the  station  through  use  of 
relevant  portions  of  an  Operational  Sequence  Study; 

3.2  iKTpdDUCTipN^ 

The  pritiary  mission  of  the  attack  class  submarine,  which  la  considered 
in  this  report  j  la  to  conduct  anti-submarine  warfare  (ASW)  end- to  de.- 
stroy  targets  r  opportunity.  To  accomplish  these  missions,  the  sub-. 
marine  Is  provided-  with  capabilities  for  locomotion,  navlgatloni,  de¬ 
tection,  fire  control,  and  communications.  Owing  to  the  complexity  of 
the  submarine  as  a  weapon  system,  these  capabilities  are  organized, 
around  operator  stations  to  which  are  assigned,  a  specified  number  of 
related  funotlons  corresponding  to  some  aspect  of  the  total  mission  (for 
example,  maneuvering,  detection,  and  target  solution  analysis). 

Control  of  ail  functions  Is  the  ultimate  respqnsibiUty  of  the  commander 
and.  In  this  respect,  ail  stations  other  than  command  are  primarily 
opeiator  stations  and  not  decision-maker  stations.  As.  such,  each  sta¬ 
tion  operator  .serves  the  commander  as  nr  ••ma.tlon  source  from  which 
he  can  obtain  data  to  ai-l  him  in  selecting  •!<  iB  sa  of  action  and  also 
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*8  ah  effector  llhk  to  machine  componentsa^.  wh;.loh  misans  the  operator 
serve's  ai  the  relay  be:tweeni  comnjahd  and  a  control  action.^ 

in  order ’to  Increase  the  effectiveness  of  auhmarlhe  operations,  the 
el'fedtivehess  of  each  station  complex  (man-machlhe  subaltern)  must  be 
optimised.  This  requires  that  each  station  bb  designed  to  inflect  the 
capabilities  of  both  human  and  machine  components;  comprislhg  it  such 
that  ail  delegated  functions  can  be  acc^pllshed  most  effectively.  To 
achieve  this  goal,  it  Is  necessary  to  perlodldaily  «.;examine,  for  each 
station,,  the  roles  played  by  huiun  and  maohlhe  cpmponenta  to.  discover 
whether  or  hot  ah  optimal  assignment  of  tasks  has  been  made.  This  Is 
especially  true  for  the  human  component  since,  in  general,  a  major  re¬ 
striction  oh  realizing  any  potehtial  increase  in  system  effectiveness 
la  the  pwsenoe  of  the  hxmian  operator  performing  tasks  which  mlj^t  be 
handied  more  adequa.teiy,  by  machine  eompohentsi 

Compared  to  machines,  man  la  extremely  variable  In  his  behavior. 
Variability  la  often  deBlrable  because  it  reflec.ts  idaptablllty  (flexi¬ 
bility)  to  unusual  conditions,  but  is  also  often  uiidesirable  because 
It  Is  indicative  of  man's  limited  ability  to  perform  taaka  which  res 
quire  accurate  differentiation  and/or  Integration  of  subtle  Ihfonnatlon, 
for  example,,  rates  and  accelerations ; 

The  skills  required  to  perform  tasks  Involving  the.  determihation.  of 
rate  and  acceleration  Information  can  be  acquired  through  training  and 


^  This  i.s  not  to  imply  that  each  station  operator  Is  solely  an  Inform 
matioh  transiiiitter  and;  effector  link  for  command.  Currently^  some 
autonomy,  of  action  la  .permitted  at  each  statloh  and-  this  id  a  trend 
which  wlii  probably  contlriue  as  future -submarlhes  become  even  more 
oomplexi  The  degree  of  declalon-maklhgi  authority^  however,  will  vary 
from  statibh  to  station  under  loth  normal  and  emergency  cohdltlohs.. 
in  general,  this  authority  for  independent  aptlbh  will  be  delegated 
directly  by  command,  or  prescribed  in  the  heguiatlohs  and  will  be  baaed, 
ideally,  oh  a  policy  decision  exercised  prior  to  thb  fomallzatioh,  of 
the -dtatloh  complex j 
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experlehoe,  but  the  level  of  accuracy  and  repeatability  achieved  by 
machines  can  rarely  be  appros^ched  by  man.  Kpr  juat  this  reasohj  the 
maximum  increase  in  ayatem  effectiveness  possible  ia  dejjendent  upon 
the  -boundai^  conditions,,  sensory  and  conceptuit,  imposed  by  the  human 
in  the  sya^emi. 

One  methbcl  of  mitigating  the  effects  of  unwanted  Human  variability  ch 
system  effectiveness  la  to  assign,  where  possible,  those  task  aspects 
i(hlch  severely  tax  the  human's  sensory  or  conceptual  abilities;  to 
machine  components  through  the  use  of  automatic  control  techniques,, 
Another  method,  related  to  the  firsts  is,  to  examine  those  situatloria 
in  which  operator  Involvement  is  deemed  necessary  or  deairabie  (machine 
substitution  la  not  feasible  or  warranted)  to  determine  the  type  of 
information  Inputs  to  optimize  his  perfomance . 

Thus,  to  attain  the  goal  of  increasing  system  effectiveness  by  utiliz¬ 
ing  techniques  which  increase  the  cffectivenesa  of  the  human  components) 
it  is  necessary  to  examine  that  aspect  of  the  total  miasion  which  cor- 
pesponds  to  the  objectives  of  the  particular  station  under  study,  Prom 
this  examination,  the  functions  appropriate  to  the  station  can  be  de^ 
fined  and  the  tasks  associated  with  these  .functions  specified,  in 
addition,  for  those  tasks  performed  by  the  human  qomponents,  the  neoesr 
sary  information  inputs  can  be  determined.  These,  in  turn,  dan  , be  used 
as  the  basis  for  selecting  appropriate  display  and  control  concepts 
and,  ultimately,  actual  displays  and  controls,  The  purpose  of  this 
portion  of  the  Ttn.iy  13  t";  Bccr-mpllsh  these  objectives  for  one  submarine 
station,  Ship  Control. 

3 -.3  siiip  coNTRor.  analy-sIs 
3..3»1  Assumptio.ns.apd  ..Constraints 

The  fpllbwing  assamptlons  and  constraints  specify  the  limiting  con¬ 
ditions  for  the  analysis'; 

ASs.umpjbj  6n3‘ 

l)  The  Ship  Control  Station  is  basioaHy  .an  operator's  station  and 
not  a  decisipn-naker'-s  station.  Thus,  inputs  to  the  system  come. 

in 
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largely  from  conimand  aridj  In  tum«  ayatm  outputs  aatlafy  aush 
things  aa  tactical  or  navlgailphal  requii^'mehta i 

a)  Current  IT, ethdda  of  conti^lllng  ship's  pdsltlbh  (for  eiwipiej 
thb  use  of  variation  In  the  position’  of  control  surfaces  (pWnis 
land  rudder) )  will  continue  to  bb  employed  f6t*’'8pmc  time  In  the 
futiife’-. 

Cohatfiihts 

1)  The -analysis'  of  functions- and  taslcs  will  bei  limited  to  those 
currently  Involving  ope^tpr  participation.  Machine  taslcb  (for 
example  I  data  pxxipesalng.  :'ahd  environmental  sensing)  will  not  be 
considered  iii  detali... 

2)  To  permit  maximum,  flexibility  of  operation,  provision  win, be  , 
made  for  possible  manual  control  of  those  operator  tasks  reassigned 
to  machine  components, 

3)  Engineering,  requirements  for  operator  and  machlnf  tasks  will 
not  be  considered  here-,  but  will  be  treated  elsewhere, 

3.3.2  Shlp..C.ontrol.:Ml38ion 

The  Ship  (iontrol  fS.C.)  station  Is  concerned  with,  the  locomotion. aspect 
of  the  submarine  mission.  AS  such  it  serves  as.  the  effector  link  fbr 
command  In  the  tactical  and  navigational  deployment  of  the  vessel,  The 
SiC.  operatdr(s),  in  turn,  is  charged  with  the  respohslblltty  of  effect¬ 
ing,  changes,,  which  are  initiated  from  command  in  the  Spatial  attitude,, 
spatial  orientation,  and-  velocity  of  the  vessel  (i.e,,  ohangfe.s  In  the 
lopatlbh  end  movement  of  the  submarine  within  its  thfeeidimensiohal 
Vlrohment),  To  discharge  this  responsibility^  the  S.C.  statlpn  must 
serve  threS  major  functlohS, 

1)  Depth  Control 

2) '  Course  Control 

3)  Speed  Control 
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Each  function  Is,  described,  in  the  following  section j,  ah  If  it  wdi’e  in^ 
dependent  of  all  others.  This  approach  Is  used  for  convenience  ohly^ 
since  In  actual  fact  the  functions  are  Interrelated'.^ 

3i3.3  Function  .Pesdrlp.t.lons 

1)  Depth.Cdntroj 

Tills  function  encoi  .  ^  >sea  those  tasks  pei’fontied  to  maneuver  the 
submarine  In  the  yc  .  a.  .j.lanei  At  present,  depth  control  la  ac-: 
compllshed  by  means  of  control  surface  manipulation  (movement  of 
the  planes)  and  by  changing  the  amount  and/or  location  of  water 
ballast  carried  aboard  ship. 

2 )  bourse  Control 

This  function  encompassec  those  tasks  perfoimed  to  maneuver  thd 
submarine  in  the  horizontal  blane,  At  present,  course  control  Is 
accomplished  by  means  oi  control  surface  manipulation  (movement  of 
the  rudder), 

3-)  ■^p.epd..Oont-rol 

This  function  encombasses  those  tasks  performed  to  control  the 
velocity  of  the  submarine.  At  present,  speed' control  la  not  ac¬ 
complished  directly- at  the  S.C.  station  but  at  Some  otner  station 
(for  example,  the  maneuvering  room).  Speed  orders  are  communicated 
from  command  via  SiCi  to  the  speed  control  station  and  compliance 
to  orders  Is  monitored  at  S.C. 

3.3.'i  Task-  Descriptions 

The  tasks  described  in  this  section  are  those  Involving  operator  par¬ 
ticipation.  Most  of  these  relate  to  the  three  ship  control  functions 
described -previously,  but  miscellaneous  tasks  now  performed  at  this 


^Both  depth  and  course  control  are  Influenced  by  own  ship's  velocity 
and  there  are  cross -coupling  effects  between  planes  and  rudder,  the 
Importance  of  such  effects- being  highly  dependent  upon  speed.. 
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station  are  discussed  also?  The  approach  follpifed  la  to  descirl^  isaeh 
task  af>4  the  current  activities  engaged;  In  by  the  operator  to  accprtr 
pilsh  them. 

Depth  Cohtfpi 

There  are  four  distinguishable  tasics  subsumed  under  this  function. 

1)  Submerging  (initial  descent  from  the  surface  to<  some  priieted 

depth)- 

2)  Surfacing  (ascent  to  the  surface  from  some  operating  depth) 

3)  DepthrSeeklng  (changing  depth  while  submerged) 

4)  Depthrkeeplng  (maintaining  a  specified  depth  and  steady  sta^ 
pitch  (.trim)  angle-  idillfe  submerged) 

3. 3. 1.1;  Submerging  -  To  submerge^  the  operator's)  must  establish  a  _ 
condition  of  neutral  buoyancy  suitable  for  su^eurface  travel,  TO  es¬ 
tablish  the  condition,  he  must  modify  the  Initial  positive  buoyancy 
condition  existing  for  surface  travel  by  making  a  g^ss  adjustment  In 
the  water  ballast.  By  Increasing  the  amount  of  water -baliast,  a  nega¬ 
tive  buoyancy  condition  Is  createdi,  Coordinated  with  the  defiectloh  of 
the  depth  control  activating  surfaces  (planes),,  this  produces  'a  dive 
from  the  surface.  Prior  to  executing  this  maneuver^  the  operator  must 
ascertain  that  thOse  hull  accesses  which  are  normally  open  oh  -the  suri 
face  are  closed  to  prevent  flooding  the  Ship,  At  some  point  after 
Initiating  the  dive,  he  must  couriteract  the  action  of  the  planes  so  that 
the  submarine  levels  off  at  a  previously  Specified  depth..  At  this,  time 
or  Sooneij' depending  upon,  the  hydrodynamics  of  the  shlpi.  he  may  have  to 
make  an  additional  adjustment  In  the  ballast  supply  to  achieve  a  neutral 
buoyancy  condition  appropriate  to  the  new  operating  depth* 

The  activities  engaged  in  to  accomplish  this,  task  are  as  foilowe? 

1)-  Securing  the  ship,  l.e.,  making  sure  that  all  hatches,  hUll 
openings  and  Induc.tlon  and  exhaust  yaji.yeS  are  closed*.  Certain  of 
these  openings  are  closed  locally.  The  S.C.  operator  must  monitor 
■the  closing  of  locally  operated  openings  and-  close  those  openings 
cphtrolled'.at.;  SiO.,. 
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2  )  Piooaing  METSi  Thei  Main  ^liast  Tanka  Syatejn  {MOT.);  la  U8.ed!  to- 
provide  the  large  change  In  wSl^t  overall  rieceaaaiy  to  aubmei^ei 
These  tanks  are  nonTpreaaurlzed  and  to.  flood  them  the  dpei«tor;Wlil 
vent  the  tanka j  releasing;  the  air  trapped  In  them*  Sea  pressure 
will  force  open  the  flood,  port?  a?id  the  tanks  wl'it  flood. 

5)  planing  down  to  the  ordewd  depth.  The,  opewtOr  Will  deflect 
the  planes  to  pUt  a  down  angle  on  the  shlP;*  ThlS  will  insult  in  a 
pitch  rate  heihg  .generated  which  will  produce  s^e.  pitch  angl.fe.. 

At  some  time  subsequent,  to  the  Inltiei  control  action,  a,  depth  rate, 
wlii  develop  and  eventually  an  excursion  iti  depth,  At  some  time 
prior  to  reaching  the  .desired  depth,  the  operator  will  initiate 
reverse  edhtroi  action  to  reduce  .pitch  angle,  pitch  rate,,  and  dejpth. 
fate  to  zero  at  the  ofdei-ed  depth. 

A‘)  Adjusting  the  Negative  Buoyancy  Tank  (NOT').  This  tank  comprise 
ing  the  gpecia]  Ballast  System  Is  a  pressurized  tank  possessing  a 
true  flood  valve  (Unlike  Main  Ballast  Tanks)  which  allows  adjust¬ 
ments  to  be  made  in  the  level  of  water  in  this  tank  over .a  wide 
range  of  depths.  Normally,  this  tank  is  carried  full  on  the  sur¬ 
face  or  flooded  when  -submerging.  Under  certain  conditions 4  the 
combined  weight  gained  by  flooding  the  MBTo  and  the  NOT  Is  greater 
than  the  amount  needed  tO  obtain  a  neutral  buoyancy  condition  suit¬ 
able  for  -the  operating  depth.  The  usual  procedure,  WhCn  this  con¬ 
dition  exists.  Is  to  adjust  the  amount  of  water  in  this  tank  to 
some  leyel  sufficient  to  attain  neutral  buoyancy.  This  level  Is 
generally  calculated  In  advance  and  the  operator  will  expel  the 
excess  water  using  high  pressure  air;  the,  operation  is  called 
"blowing  to  the  mark.."  As  use  of  the  high  pressure  air  system  re¬ 
suits  In  large  changes,  fine  adjustment  of  the  water  level  can  be 
effected  using  a  pump  system  also  connected  to  this  tank. 

3, 3. A. 1.2  Surfacing  -  To  surface,  the  opejvtor  must  establish  a  posi-, 
tlve  buoyancy  condition  for  the  ship..  To  do  this,  he  adjpsts  the  amount 
of  ballast  to  approximately  the  same  level  that  was-  In  effect  prip"  to 
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submeitsing.  Coordinated  With  -the  incllriatipn  of  the  plane)*,  thia  wlil 
«8uit  in  the  aubniaj^'he'  igurfaelng., 

The  aefivitlea  engaged  In  , to  adcompilsh  thia.taalc  ar?  aa  foiiowaj 

i),  Blowing.  MOTa.  High..|isre88ure  air  la  used'  to  blow,  theae  tankC  f 
The  dperatpr  iottyatei.  thia  ayatem  ii^lch  ia.  ponnepfied  to  the  H^Ta. 
it  present,,  to  conperye  ti\e  hl|^;.preaauhp  air  iuppiy^,.  thlS  syatefti 
may  he  de .activated  at  or  hear  the  8urfa.ce.  and  low  prpsaure  air 
entering  the  ahlP  throtigh  the  hull  ppehlhga  dam  ^  used  to  dpmhlete 
the  emptying, .of,  the  tanka;. 

2.;)'  Bianlng  up  tp  the  aurface,.  The  operator  defidct  the 
planPa  to  produce  ah  itp  .angle  on  the  ahip.  In  <all  reapecta,  ex? 
cept  for  the.  direotloh  of  tihVel,  the  control  action  taken  is.  the 
'same  ai  for  aubiiiorslhg; 

3)-  A.djuatirig  the  NBt;  In  general,,  no  adjuatmeht  In  the  ballaat 
.auppiy  of  thia  tank  la  made  while*  aurfadingj  although  jtha.  tank -may 
be  Te-fiooded  at  the  aUrfaee. 

3*3.^.tl!3  Dejpth-Seeklng  -  For  thp-  more  .common  case,  to  .change  froiB 
one  subsurface  depth  to.  another,  the  opei^tpr  wlli  utilize  hla  plahea,^ 
Two  sets  of  planes  are  provided,  on- most  shlpa^ 

1)  -the  stern  .planes  idoatea  to  the  rear  of  the  -shlpj,  theae.  are 
used!  to  produce  the  angles  on  the  .ship  fpltph  angles)  neceaaary. 
for  fast  depth  changes  and 

2').  the  falrwater  or  isail  planes  located  close  to  .the  center  of 
gravity!  these  are  used  to  produce  the  momeht  forces  necessary  for- 
slow  changes.  In  depth,  theoretically  .without  generetln|  any  .pitch 


^  No  ti’uly,  general  statement  can  be  made  sinc.e.  optimal  maneuvering 
Siay  require  planes  action,,  changing  speed,  and/pr  transferring  water.; 
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angijs,  Policy  differs  from  ship  to  ship  oh  Whether  to  use  theni. 
singly  or  In  eomblnatloni  but,  ih  general,-  the  falrWatef  plines- 
are- more  effedtlve  for  changing  depth  at  low- speeds -While  the  s.tSrr) 
-pilnes  are  more  effective  at  high  speeds?  in  addition,  In  ohahgihg 
depth  at  high,  speed,,  the  falrwater  planes  can  be  used,  as  S  brake  on 
the  action  of  -the  stern  .'planes i 

The  aettvitles  engaf^ed  in  to  accomplish  this  task  as  follows; 

i)  planing  up  (doWh)  bo:  the  new  ordered  depth?  The  operator -wlli 
manipulate  one  or  both  sets,  of  planes  to  accomplish  a  depth  change.^ 
The  control  .actions  taken  are  comparable  to  those  described  rfor 
•the  aubmSrgihg  and  surfacing  'tSska. 

3.3. ^il*^  uepth-Keepihg  -  To  maintain  an  ordered  depth  once  acnlevsd 
the  operator  has  recourse  to  planes  mahipulatlon,  water  transfer.,  dr 
bothi  Under  Ideal  conditions  of '  neutral  buoyancy  (weight  overall)  and 
neutral  trim  (fore  and  aft  Wdlght  balance)^,,  the  operator  will  uae  the 
fairwater  piahes  to  hold  depth  and  the  stern  planes  to  hold  some  dei 
sired-  steady  state  pitch  angle,,  if  a.  Weight  imbalance  occurs,  however, 
corrective  action  must  be  .taken.  Some  degree  of  deviation  from  neutral 
balance  can  be  compensated  for  by  means  of  control  surface  bias  aft 
(stern  planes  deflection)..  This. method  of  compensation  Is  less  effdoi 
v;lv“  than  ballast  adjustment  -at  low  speeds  and  is  completely  ineffec¬ 
tive  at  zero  speeds  (hovering);  Under  these  conditions:,  adjustment  In 
the  ballast  supply  is  required -to  maintain  depth,,  in  the  same  way, 
small  discrepancies  from  neutral  trim  can  be  compensated  for  by  an -ap¬ 
propriately  selected  pitch,  angle,  given  a  speed  jn  excess  of  some 
critical  value  which  differs  from  ship  to  ship.  Extremely  large  de¬ 
viations  must  be  compensated  by  adjustments  in  the  ballast  supply. 


il  '  •  - 

Neutral  trim  is  that  condition  for  which  the  distribution  of  weight 
oyefali  is  sufficient  to  maintain  zero  depth  rate.,  which  is  usually 
abodt  ^erb  pitch. 
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The  activities  engaged  in  to  accomplish  this,  task  are  as- f6ilp»fs ; 

i)  iToidli-ig;  de^th.  To  maintain  depth,  the  cperator  wlil  deflect 
thfe  (faii'water  piaheis'  to  eiimlhite  apy  moment  fPrces  dctlhjg  to 
chaise  depth,  if  hPcessary.i  he  Wll-t  ,  -  act  the  stern,  plants  to 
compensate  for  davlatlons  in  neutral  bO’  yaney  and/of  neutral  trim. 

2;)  Holding  pitch..  To  hold  some  steady  state  pitch  angle  ( aew>  or 
otherwise)  the  operator  Will,  deflect  his  stem  pianei. 

3)  Effecting  Thlm.'^  The  Varlabld  ^llast  System  is  used  to.  effect 
trim.  This  system  consists  of  four  tahkSj  five  includihig  the  NBT* 
The  adjustments  made  in  these  tanks  afe  generally  small  relative  to 
those  made  to  establish  the  initial  condition  ot  neutral  buoyancy, v 
The  type  of  Imbalance  existing  may  be  of  three,  kinds,.  These  are  j 

(1)  a  deviation  in  weight  overall.j  heavy  or  ilght>  Resulting  in  a 
depth  rate  being  produced,  (2)  a  deviation  in  the  distribution  of 
weight,  forward,  aft  dr  midship  with  overall  weight  neutral^  tea- 
suiting  In  a  steadyrstate  .pitch  (for  fore  on  aft  imbalance)  or  a 
list  (for  midship  ImUlance),  and  (3)  a  combination  of  (l)  and 

(2)  above. 

To  correct  trim,  the  operator  must  determine  the  kind  of  Imbalance 
existing,  Including  Its  location  and  the  amount  of  thle  .imbalance. 

He  does  this  by  converting,  in  some  fashion^  the  amount  of  planes 
angles  he  is  using  to  hold  depth  and  pitch  to  a  value  of  Weight 
heavy  dr  light,  forward,  aft,  or  overall.  Starting  with  this  .es¬ 
timate,  he  will  transfer  water  from:  (a)  the  sea  to  one  or  more, 
of  the  tanks,  (b)  one  or  more  of  the  tanks  lo  the  sea  anu/or  (c) 
from  tank(s)  to  tank(,s);  the  transfer  of  water  is  effected  via  a 


^Effecting  Trim  is  the  designation  for  the  aotiyitles.  engaged  ,ln  to 
bring  the  ship  to  a  condition  of  neutral  buoyancy  and  neutral  trim. 
Factors  affecting'  these  conditions  which  must  be  compensated  for  are 
ohanges,  in  themal  gradient's,  emptying  sanitary  tanka,  pumping  bilges i 
etc. 
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pianp  system.  He  will  continue  the  foregoing  process  until  he  or 
the  bi'O.Di,  Is  sat?.3fiedi  that  trim  has  been  effected, 

3*3.4. 2  Course  Control 

Thei^  are'  thrae  distinguishable  tasks  subsided  under  this  function, 

r)  piloting;  this  task  can  Involve  adjusting  Qvm  ship's  cou«,c 
to  avoid  geographical  obstacles  (while  surfaced  or  submerged);, 
enter  or  exit  from  a  docking  area  (surfaced) >  or  maneuver  in  enemy 
•waters  (submerged)* 

2)  CouraerSeeking;  this  task  involves  changing  own  ship's  course, 
always,  from  one  course  (heading)  to  another. 

3)  Course-Keeping;  this  task  involves  adjusting  own  ship's  course 
to  conform  with  an  ordered  course  or  maintaining  a  position  rela¬ 
tive  to  another  ship  (for  example,  staying  In  formation).)  the  latter 
■will  probably  Involve  changing  speed  as  well. 

The  activity  engaged  In  by  the  operator  to  accomplish  all  of  these 
tasks  Is  the  manipulation  of  the  rudder.  To  effect  a  course  change; 
for  example,  the  operator  wl-l-i  posJ.tion  his  rudder  to  some  angle,  de^ 
pending  upon  the  speed  of  own  shlpj  this  will  result  In  a  rate  of  turn 
for  own  ship  and,  eventually,  a  course  (heading)  change,*^  To  effect  a 
course  change  in  optimal  time  with  minimum  overshoot j  the  operator- will 
have  to  initiate  reverse  control  action  to  reduce  rudder  angle  and.  turn 
rate  to  zero  at  the  ordered  -ourse. 

3.3i4i,3  Speed  Control 

to  change  speeds,,  adjustments,  must  ue  made  In  the  propulsion  equipment. 
For  example,  changing  Shaft  speed.  At  present,  control  over  the  pror 
pulsion  equipment  Is  accomplished  locally,  to  change  speed,  the 


in  general,  piloting  will  Involve,  both,  seeking  and  keeping  cpuraei 
The  actual  detennlhatlon  of  coiirSe  and  speed  Is  not  .aucompllsYied  by 
the  .SiC.  operator,  but  by  the  0^6. D. 
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commander  orders  a  change  either  In  standara  nautical  tema  dr  in 
ictiMi  rpm#  The  S.C;  operator  serves  as  the  relay  for  this  ot.Vjsr  and 
oommuhlcates  It  to  the  speed  control  station}  he  then  monitors  com¬ 
pliance  to  the  order. 

Misdellaheous  Ship  Control  Tasks 

Associated  Mith  the  S.C.  station  aro  a  number  of  tasks,  iome  of  Mhich 
are  only  indirectly  related  to  the  throe  functions  cohsidefeJ  to  be 
areas  of  responsibility  for  this  station.  In. general,  these  tasks  can 
be  ciassined  as  follows} 

1)  Energising  Tasks  i  .These  involve  adtiyatiiig  all  Indioatof  and 
control  aubsystsms  utilised  in  ship  control .  The  activities  en¬ 
gaged  in  by  the  operator  are  turning  oh  the  power  to  these  subw 
systems  and,  wheti  hSccaaary}  testing  the  poror  to  IhdlvldMl 
cpmpphents^ 

2)  Reginatory  Tasks.  These  involve,  mohltdrlhg  .and  rogula ting  the 
statue  of  the  several  hydraulic  powr  systems,  air  banks,  and 
various  alarm  indleatoxii,  for  example,,  hydrogen  aM  flooding,  the 
activities  engaged  in  by-  the  dpe}«tor  are  mohitorlhg  on-line  system 
and, 'When  riedessary,  changing  frotn  Ohe  system  to  another^  for 
example,  switching -air  bahke.j 

3)  Control  Tasks •  There  are  two  such  tasks  cufrehtiy  performed 
at  ship  control,  these  are:  (1)  operation  of  the  Snorkel  System 
which  involves  the  cooMlnatloh  of  the  snorkel  mast  system,,  when 

it  Is  utilised:  to  pperate  engines^  charge  thd  batteries;  or  vehtna^ 
the  Ship.  The  activities  engaged  Ip  by  the  operator  are  raising 
and  lowcrlhg  the  snorkel  induction :mast,  aligning  the  Various 
valves  and  ’■jli  opehlhga  asSpeiated  with- thla  system}  and  mohltor- 
Ihg  watertight  Integrity^  and  (2)  co.nf rolling  ;po3lti6n  of  i^Sts, 
which  involves  raisiiig  and  lowering  all  ships  masts the 


^Lowering,  controls  for  some  masts  are  provlded..at  the  stations  which 
h^e'  them,,  but  control  oyer  lowering'  is  possible  at  Ship  Cphtrol’;. 

.  ■  ,  ,  2a 
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activities  engaged  in  by  the  operator  are  effecting  orders'  to 
rHse  and/or  lower  masts. 

For  Illustrative  purposes,,  t.^.c  current  ship  control  tasks  are  summarized 
in  iabie  ii-l  below.,  For  some  of  the  tasks,;  the  dohtrol  responses  made 
by  the  opera •:6r(:3)  can  be  sfecified  fairly  conjpletely  by  .stating,  the 
gorie.rlc  classi  of  control  action  taken.  In  other  cases,  this  Is  not 
possible  and  a  more  detailed  disucssion  of  these  responses  ,1s  presented 
in  the  following,  sectiphi 

3.S.?  Task, Analyses 

The  tasks  described  in  the  preceding  section  Sliih  operator  tasks  and 
constitute  the  tasks  currently  performed  at  Ship  Control.  To  accora-- 
,pllah  these  tasks,  two  manned  stations  comprising  ShifS  Control  af'* 
ployed**  These  are  the  Steering  .and  hiving  (S*  and  D, ).  Station  and  the 
Ballast  Control  fB-.C. )  Statloi,.  The  foiiher  atation  is  manned  noimially 
by  two  operatota  (ffairwater  plansi’man  and  stern  plsnesman)!|  one  bf 
which  also  controls  the  rudder,  provision  is  made  for  a  third  operator,, 
bhs  emergency  helmaman,  who  vjill  control  the  -rudder  when  aepara^  con¬ 
trol  of  the  three  activating  a^pfaces  is  deemed  necessary.  The  only, 
other  task  .performed -at  l^hls  .e.tat.on  is,  ordering  speed  changes. 

The  B.'Ci  Statlth,  manned  by  a  single  operator^  is  responsible  for  depth 
control  via  water  transfer.,.,  operation  of  the  shork^:  system-,  ensui'lng, 
watertight  integrity,  raising  and  lowering  of  masts,  and.  the  regulatory 
tasks*  for  example*  energizing  power  systems  and  Sy^itchihg  alrbanks,. 

With  the  exception  of  thO  depth  Control  tasks  .assigned  to.  the  BiO, 
Station,  all  tasks  dlreotiy  related  to  .the  primary  mission  of  .Ship 
.Control  riocomotion  of  the  vessel)  are  assigned  to  the  §.  and  Pi-  Sta^ 
tiohi  All  of  the  otner  operator  tasks  assigned' -to  the  B.O*  Station- 
ai'c,*  for  the  most  part.,  regulatory  in  nature* 


‘'The  Bid.  operator  .also  serves  as  Chief  of  the  Watch  {C.O.W.  \  and,  In 
some  cases,  0.0. P.  on  present  attack  class  Submarine,  making  this  a 
vei^y  responsible  position..  However,  the  op.erator  tasks  he  perfoitho 
are  limited,  to  thosb  discussed* 
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The  reasons  for  the  present  assignment  of  tasks  to  the  two  stations  and 
the  utiilzatlon  of  up  to  three  operators  at  the  S.  and  D.  station  be-, 
comes  apparent  only  after  ah  examination  of  the  problems  Ihvoived  In 
vehicular  control  of  a  submarine. 

The  d^amlc  response  characteristics,  of  the  submarine  are  typified  by 
large  mass,  and  by  inertia  effects  which  often  result  In  long,  time  dew 
lays  between  an  operator's,  control  response  and  a  system  response^  such 
as  an  excursion  in  depth.  Eor  an  example,  five  integrations  in¬ 
tervene  between  movement  of  the  control  stick  and  the  resulting  depth 
excursion  (stick  position  planes  position  J  pitch  rate  J pitch  j"; depth 
fate  I  depth) Coupled  with  the  time  constants  associated  with  each.  In- 
tegratibn,  the  task  involved,  in  changing  depth  and,,  to  a  lesser  .extent, 
maln^lnlng  depth,  demands  a  high  degi-ee  of  perceptual  skill  on.  the 
part  of  the  opera t6r(3). 

In  the  same  way,  course  control,  3o,oklns  and  keeping  course j  requires 
a  high  degree  of  operator  skill;  (H  because  three  Integrations  and, 
their  associated  time  constants  intervene  between  control  action  and 
system  response  (stick  position  J, rudder  position  .J, turn  rate  Jopufse).,. 
ahd  (2)  because  there  are  strong  ofossrCoupllng  effects  between  course 
and  depth  maneuyersj  changing  course  can  .affect  depth,, 

From  the  foregoing  desci’iption  of  the  problems  Involved,  in  oontroiling 
the  position  of  the  submarine, j  it  is  apparent  that  the  most  important 
factors  making  control  difficult  are  the  long  time,  delays  between  ;eonr 
tfol  action  taken  and  system  response.  Because  of  these  delays.,  an 
operator  is  actually  forced  to  perform  mental  diffefehtlatlohs  and  in^ 
tegrations  of  submarine  responses  to  control  perturbations  in  order  ^o 
achieve  effective  control.  Pufther>  the  long  time  delays;  between  oopw 
troi  action  and  actual  ship  dlsplaoemcnt  virtually  eliminates,  the  use¬ 
fulness  of  a.ctuai  displacement  as  a  control  Cue.  While,  .ptesentatloh  of 
derived  data,  for  example,,  pitch  rate,  does  facilitate  qoHtroi  to  some 
degree,  instantaneous  values  of  thes.e  faotoi’s  oannpt  pfovi^Ie  fh  operator 
With  the  inforinatiori  he  needs  to  determine  the  time  dufill^  a  fftSheuve.r 
vjhen  he  should  initiate  control  action  pr  the  amoUtii  dl'  bohlnpi  lao.tipji 
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to  take.  Additional  factore  compilpatlng  coptroi  are  the  oross- 
doupllhg  effects  on  depth  frpin  course  during  a  course-sePiclng  maneuver. 
Under  some  conditions,,  a  simple  course  change  may  affect  depth  by 
seve^l  hundred  fefet.  If  .compensating:  action  via  the  .pishes  is  not 
taken i.  Koi*  these  reasohs  j  ,it  Is  clear  why  .control  of  ddpth^.., pitch,, 
and  course,  using  planes  and  rudder  have  been  assigned  to  a  single  ac¬ 
tion  manned,  by  up  to  three  operators,  one  for  each  cOntroi-actlVating 

'A  '  „  ‘  ‘  ” 

surface;’  This  arrangement  peiroltted  each  opera, tor  to,  cpncehtrs.te  on 
controlling  a  .single  parameter  and  thus  reduced  the  overall  vehicular 
control  task  to  three  separate  subtasks  which  .were  considered,  man.age- 
abie.  In  actual  fact,  however,  these  parameters  interact  arid  the  re^ 
suit  of  using, multiple  operators  ih.  the  loop  has  been  to  limit  system 
effeetivehess  to  the  ability  of  any  three,  operators  to  cooi^lnat.e 
their  control  responses'. 

As  for  the  tasks  assigned  to  the  B.C.  operator,  only  one  requires,  a, 
high  degree  of  skill}  -this  .is  th,e  task  .of  effecting  trim;  The  task  Is 
made  difficult  because  calculation,  of  the  amount  of  trlrii  imbaiahce  Is 
Indirect,  from  Information  pi^ovlded  by  the  amount  pf  planes  angle  used 
to  maintain  depth  and  pitch  and/or  the  rate  of  charige  In  dep.th.  i^rri 
■ther,  this  estimate  must  be  converted,  mentally,  into,  appropriate 
weightidlstance  estimates  for  each  of  the  trim  tanks  (since  the  tanks 
are  located,  at  different  distances  from  the  cepter  of  buoyanuy^  ti^ns- 
ferritig  a  given  amount  of  .Vrater  from  or  to  a  particular  tank  will 
affect  trim  dlfferetitlaliy).,.  -For  these  reasons  ti,  task  confronting, 
the  opera, tor  Is  a  difficult  one  requiring  a*  high  degree  of  .skiii. 

Only  two  of  the  other  tasks  preiently  .assigned  to  the  B;C.  operator 
can  be  considered  demanding,,  in  that,  when  performed  they  are  time 


%he  only  other  task  assigned,  to  this  stat.'on,;  speed  orde.rlhg,  pre¬ 
sents  no  real  demands  on  an  operator  either  in, -terms  of  Skill  required 
or  itliiie  spent  on  the  activity,  if  speed;  control  .w,i?re  effected  dlredt-ii 
ly  at  thlS’  station,  .hdweve,r,, -It  would  Involve  extensive  monitoring 
.arid,  reguiatlhg  Ihstr'uiiiehts  associated  with  the  propulsion  equipment. 
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cpnsvmtng.  These  tasks  are;  (1;V  operating  the  snorkel  system  ahd 
(2)  controlling  the  position  of  irtasts.  Both  Involve  extefi^ye  status 
•monitoring  and*  although  the  control  responses  required  are  discrete,, 
they  are  repetitive  over  relatively  Short  periods  . of  tijie, 

3.3 '6  Task, Allocation 

It  wras  stated  earlier  that  one  of  the  goals  ol’  vhe  present,  study  was 
to  specify  the  requirements  for  the  Ship  Control  Station  yihich  would 
increase  its,  effectiveness  through  an  optimal  utilization  of  both 
human  and  madhlne  capabilities,  liirough  ah  analysis  of  .present  sta¬ 
tion  tasks  perfonned  by  the  human  component,  it  Was.  deterjnined  that 
only  certain  operator  tasks  associated  with  Ship  Control  were  suf fir 
ciehtly  complex  to  require  .a  high  degree  of  skill  (peroeptual-motqr 
and  computational).  Prom  the  discussion  in  the  preceding  section,  it 
was  indicated,  that  the  factors  which  make  these  tasks  difficult  are 
the  number  of  Integrations  with  the.jr  associated  long  time  constants 
and  the  cross -coupling  hydrodynamic  effects  for  depth,  pitch,  and 
cours.d  dohtrol  and  the  amount  of  oomputaclon  involved  in  detemihing 
appropriate  weightidistance  measures  for  trim  correction  estimated 
from  observed  pitch  angle  and/or  depth  rate  Information.  In  each  .case, 
the  human  operator(3j  is  required  to  perform  tasks,  which  can  be  .ac¬ 
complished  more  effectively  (with  greater  accuracy  and  speed)  by 
machine  components.'^®  To  increase  station  effectiveness,,  these  tasks, 
should  be  assigned  to  machine  components  under  normal  conditions. 

This  would  include  both  the  computational,  aspects  and  the  oontfql  re¬ 
sponses^  By  doing  this,  the  ne.ed  for  multl.-operator  control  would  be 


^®The  present  arrangement  of  subdividing  yehicyiar  control  tasks  and 
placing  several  operators  in  .tlie  control  loop  is  not  considered' pp- 
timumj,esp,eclaliy  for  high  speed  maneuvering,, inasmuch  as  effective- 
multi -operator  control  requires  a  high  degree  of  coordination  of  con¬ 
trol  i-espohses  among  operators:. 

31 

Normal  conditions  are  defined  here  as  those  situations  in  which  all. 
relevant  equipment  is  functioning  .properly. 
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eilminated  and.  also  tt  would  leave  the  opematoi-  free  to  deydte  more 
of  his  time  to  monltpring  system  perfomance,>  a  task  which  effectively 
utilizes  the  human's  'superior  ability  (over  machines)  to  handle  unexf 
pected  events  without  pi'evlpus  experience  or  programming.  To.  accomo¬ 
date  a  variety  of  situations  in  which  operator  control  is  deemed  de^ 
alral>lei„-manual  control  capabilities  also  Should  be  •provided.  Under 
these  oircvwstances,,  to  facilitate  control,  displaysaiding  techniques 
should  be,  utilized  to  reduce  or  eliminate  these  taSk  aspects;  (for 
example,,  computational)  which  severely  tax  an  Operator's  sensory  and/or 
conceptual  .abilities . 

As.  for  the  other  operator  tasks  currently  assocla.tcd  with  Ship  Control, 
all  are  accomplished  effectively  .by  an  operator  and  they  can  remain 
assigned  to- ihe  human  component. 

3.3,7  infonnatlon  Requirementa. 

The  infoiynatlon  requirements  presented  are  those  considei-ed  necessary 
for  operator  control  under  non-emergency  conditions  (all  Subsystems- 
functioning  properly)}  requirements  for  emergency  conditions  will  be 
treated  separaLvly.  In  deriving  Infomatipn  inputs,  the  assumptlpn 
was  made  that,  display-aiding  techniques  are  or  will  be  available  to 
facilitate  control.  The  procedure  followed  for  this  analySia  was.  to 
determine  infpiination  requirements  utilizing  the  same  clas si fi cation,,, 
s.tation  task-operator  task,  as  shown  in  table  3-1.  The  results  Of 
thf  analysis  are  presented  in  Table  3-2. 

3.3.7il  Supplementary  information -Requirements 

tp,  facilitate  control  for  those  sltuatlona  in  which  displayraiding  is 
not  available  (for  example,  wjhe.n  there  Is  an  equlpmeri,t  failure)  or 
.when  it  is,  not.  being  used  (for  example,  during  shlpbpard  training)., 
seven  additional  items  of  infoimation  are  considered  necessaryi 


For  those  tasks  perfortned-by  a  machine  component  under  normal  oon- 
dltlpn'S,  the  ppiy  infomatipn  needed  by  the  operator  are  warning: 
alams  -for -S.ubsystem  faiiufe. 
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1)  pepth  ra^s  In  depthrseelcing  and  depth-keeping;  In  Both 
taaka,  the  value  of  this  .parameter  must  be  brought  to  zero  at  or- 
derod  depthi  in.  addition,  it  can  be  used  to  estimate  trim 
imbaiahde 

2)  Pitch  rate!  in  depth-seeking  and  depth-keeping;,  in  both  tasks 
the  value  Of  this  parameter  must  be  brought  to  ;z.ero.  at  ordered 
depth,  in  addition,  it  can  be  used  in  lieu- of  depth  rate  to  es¬ 
timate  triin  .imbalance* 

d)  Stern  planes  position;  in  depth-is.efeklng  and  dapthikeeplng 
under  certain  emergency  conditions  (for  example,  .failure  to  the 
stern  planes  .magnetic  amplifier) When  this  occurs;  actual 
planes  position  is  needed,  to  control  the  .ship,  In  addition; 
stern., planes  position  cap  be  used  to  determine  the  amount  of 
counteracting  force  being  employed  to  hold  pitch  and/or  depth,. 

(t)  Fair^ater  planes  posltibn;  under  emergency  .oonditldns,,  as; 

d.t.pve,'. 

Turn  ratfe;  in  oourae-aeeklhg,  and,,  to  a  leaser  extent,,  in 
.course -keeping;  in  both  tdska  the  value  of  this,  .parameter, must  be 
brought  to  .sero  at,  ordered  bourse., 

C);  Roll!  Primarily  in  cour3e-3eeklng,>  because  .snap  rolls  .pro;- 
duoo  planes  and  .rudder  reversal.  In,  addition,,  steady  state  roll 
(list)  infotwation  is  useful  in  effecting  trim. 

Y)  TheiTnal-saUnlty  levels;  in  d^pth-seeklng  to  permit,  tk® 
operator  to  dtstlnguish -between  changes  Ip  trim  oeneed  by  inter¬ 
nal  factors  (.for  example,,  pumping  bilges)  and.  tho.se  caused  by  ex¬ 
ternal  factors  (.changes,  in  .the  thermalrsallnlty  condition  of  the. 
(iftmediate  ehvlrdriment'),', 

i^'ailure  to  a  magnetic  amplifier  for  .any  of  the  control-  actiyatihg 
surfaces,  sterii  planes,  faifWater  planes  .pr  rudder;  will  ohadge  the 
nature  of  the  task  from  pcsitioh  control  via-  the  control  stick  to 
ifa  control .  ' 

,  m 


3.3i8  Sp.ecigroa,fclQ03i.fQr:A..Shlp,.Control ,  Stallion, 

From  the  analyses  perfonhfed  in  the  preceding  sections,,  the  following 
cohoiuslons  are.  drawn  with  regard  to  J:he’  requirements  for  a  ship  con¬ 
trol. 'Station  j 

r)  A  unified  Ship  Control,  .Station  is  prefepahle  to  the  .present 
arrangement  of  two.  separate 'stations;  the  Steerl|ig.  shS  Diving 
(S..  and'  D,.)  Station  and.  the  Ballast  Control  (B.C,.)  Station,.  ^I'he 
assignment  of  different  aspects  of  the  depth  control  function  to 
two  separate  stations  is  not  considered'  optimal  .because,  as  .was 
pointed  out  earlier,  effective  .control  of  this  .parameter  may. 
quire  .planes  manipulation ^  water  transfer,  or  some  combination,  .of 
both.  Coordihated  control  over  the  same  parameter  (depth)  across.' 
two  stations  is  subject  to  the  same  disadvantage.  Ipherent  in 
multi -operator  control  of  a  single  parameter,  that  isj.  effective¬ 
ness  is  limited  .by  the  abiiity  of  the  operators  to  coordinate 
their  control  responses.  Another  reason  .why,  this  arrangement  is 
less  efficient  than  .a  single  station  is  that  the  infonnjstloh. 
heeded  to  control  depth  using  either  method  is,  to  a  large  extent, 
Identical  Tfor  example.,  pitch,  depth  rate,,  and  actual  depth):. 

This  results  in  an  extensive  duplication  of  instjments  Which 
would' ib5  eliminated  by  unification i 

1)  it  is  unnecessary  to  haye  all  the  taak's.  currently  performed, 
at  the  B.c.  station  accomplished  at  Ship  Control.  Virtually  all 
of  the  miscellaneous  tasks,  energizlngi.  regulatory  and  oohtroij, 
-presently  performed  at  the  B.c,  station,  are  not. directly  related 
to  the  three  functions  considered  to  constitute  the  responsibility 
of  8hip  Control,.  For  this,  reason,  these  tasks  can  beos.sighed 
elsewhere  without  reducing  the  effectiveness  of  the  Ship.  Control 
Station  and  the  tasks  assigned  tp  Ship  Control  can  be  llmlte.d  to 
those  directly  related  to  the  s'tatlon  mission  (control,  of  the 
spatial  attitude,  spatial  orientation,,  and  .velocity  of  the  vessel) 
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3)  Automatic  control  and  display-aiding  techhiciues  should  be 
provided  for  trim  correction  as  well  as  course  and  depth  seeking 
and  keeping. 

As  was  pointed  out  earlier,  machines  can  accomplish  the  computa^ 
tlohal  aspects  of  these  tasks  more  effectively  tlian  the  human 
operator  and  the  asslgumeht  of  these  tasks  aspects  to -machlr.er 
will  eliminate  the  need,  for  multiioperator  control, 

The  above  conclusions  have  bwn  used  as  guidelines  in  accompllshlhg  the 
second  objective  of  this  study;  the  design  of  a  Ship  Control  Statiori 
Console  for  the  FY' 65  attack  class  submai^lne. 

34M  PV'65  SHIP  CPOTROE  CONmE  DESCRIPTION; 

3.^.1  Qeheral 

The  CT'65  Ship  Control  Console  desci'lbed  here  is  based  on;  (T)  the 
analyses  performed  in  the  preceding  section,  (2)  the  conclusions  drawn 
from  thebe  analyses,  and  (3).  cohoidoratlons  with  regard  to  redundancy 
backrup. systems. 

3«^.2  Design^PhllOsophy 

The  Ship)  Cdntrdl.  Station  Corisole  described  below  is  designed' for  one 
man  control,  under  lionnal  watchstanding  oonditlohsj  of  the  major  func¬ 
tions  formerly  associated  with  the  Steering*  and  Diving  Station  .and  the 
Ballast  Control  Station.  Provision  is  made  also  fpi^*  an,  emergency' helms 
man's  station  at  the  console  in  the  event,  of  a  su^ystem  malfunction 
which  .necessitates  the  use  of  an  additional  operator  or  for  those 
situations  for  which  dual  control  is  deemed  desirablei 

In  designing  the  console,  two  basic  decisions  were  made;  (1)  to  limit j 
for  the  most,  part,  the  functiohs  accomplished,  at  this  station  to  those 
involved  in  cOhtrolllhg  the  Spatial,  attltudOi  spatial  orlehtatloh,.  and. 
velocity  of  the  ship  and  (2):  to  assign  virtually  ^1- mlscellaheouS 
task's  to  another  station j  the  "mphitoring"  station;. 
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Within  the  guidelines  adopted,,  the  following  tasks  were  delegated  to 
^he  Ship  0''r'tre''  ^t»tiph: 

1) .  Steering; and  Diving  (course  and  depth  control  using  planes 
and  rudder.) . 

2 )  :^lla8t  .and.  Trim  (depth  .control  using  water  transfer) 

3) '  .Speed  Ordering, 

l<)  Mlscellanepus' Tasks:  leoRdMlbllity  for  liionltprlnjg  and  regu¬ 
lating  certain  critical'  IndlcaWons  of  own  ship  safety  related  to 
■.ship  cphtroi  operations ,  iliese,  include;: 

a)  monitoring:  watertight  Integrity; 

h)  monitoring  and  regulating  the  operation  of  the  snorkel 
syatemi 

c)  monitoring  and  regulating  the  raising  and  lowering  of 
'lit-  '  ' 

masts.*' 

3.4 j3  Corisoie. Design 
'3;4i3j'i  .Physical  .DesSriptioh 

The  Ship  Control.  Console  is  shown  In  Pig;  3-1?  The  console  dimensions, 
including  the  wing  extension  angled,  <45°  from  the  left  side  of  the  front 
portion  are  presented  In  Pig.  3,-2.  Pigs;  3-3,  and  3r5  .are  pror 
vlded  to,  facilitate  an  evaluation  of  anthropometric  op'^sideratlph.s, 
pig*  3-3  is  a  cross  section  view.  Pig,.  3^4  shows  the  viewing  angies  and 
Pig*.  3-5  shows,  the  reach  distances  to  the  various  panelpTop  the  pphsple 

The  design  of  the  console  { size j,  shape,  and  Inclination  of  panels),  is 
such  that  a  seated  operator  5'9"  in  height  (,5oth.:perc,entile  man)  is  aii 
ways  within  effective  viewing  distance  of  all  the  dlsplays.i  Purtherj 
all  controls  are  placed' well,  wlt.hln.  effective  :.reach  distance  and  the, 
seated  operator  with  shoulders  fixed  will  he  '^hle  to  reach-  ail  cohtfpis 


The  degree  of  involvement  by  .the  ship,  control  pperator  with  'these 
functions  IS  discussed  in  subsequent  s.ec'tiphs.' 

4'r 
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except  I'or  one,  .by  extending  Wa  anufs).  To  reach  the  one  exception, 
ah  infrequently-used  control  placed  on  the  upper  panel  to  maintain 
spatial  contiguity  with  its  associated  displays,  the  opewtor  wUl 
■have  .to  extend  his  shoulders  silghtiy^  To  accomodate,  the  variability 
in  operatorSi  expected  to  use  the  console,,  the  adjustable  seat  range 
(up-doyin,  forWardiback)  will  encompass  the  5th  through  the  05th  per¬ 
centile-  of  service  personnel. 

344.1.2  ihinctlonai  Description^^ 

■Under  norinal  condUlons.,,  the  ship  control  operator  will  serve  as  an 
effector  link  between  command  and  the  machine  components  -andj  as  suohi 
he  will  execute  orders  issued  by  command  (or  a  cojnmand  surrogate)  for 
controlling  depth  and  course  and  also  relay  orders  for  changing,  speed. 
Since  he  will  he  the  person  effedtlng,  changes  In  these  parameters,  it 
is  necessary  to  provide  at  his  station  certain  InfOhnation  related  to 
own  ship  safety.  This,  Infoiwation  can  be  used:  by  dOnimand,,  If  .time 
pemlta,  or  by  the  operator  himself  to  initiate  action,  when  required, 
to  ensure  the  safety  of  jthe  ship..  For  this,  reason,  certain  Indicators, 
are  present  oh  this  console  solely  to  pennlt  initiation  of  action  by 
the  ship  control  operator  in  emergency  situations,,  that  Is,  those  situ¬ 
ations-  In  which  the  safety  of  own  ship  may  oe  Jeopardized  if  immediato 
corrective;  action  Is  not  taken  (these  Instruments  will  be  discussed 
under  344.^^^.l|  Miscelianeous.  Tasks). 

To  facilitate  one  man  control^ automatic  control  and  dlsplayhaidlng 
techniques  have  been  provided'  for  the  two  most  demanding  functions 
performed  at  ship  control;,  (1)  steering  and  diving  and  (2)  trim  epn- 
trol4^^  Ih  :addltion>  .a  sepapate  capability  for  controlling  depth  at 
z.e.ro  speed  has  been  providedi  ' 

^^Fpr  the  desprlption  which  follpws,  reference  is  made  to  Pigs  3-1 

^^For  the  remaining  tasks,  ballast  and  speed  ordering^., no  radical 
changes  in  control  techniques  (.other  than  Ipstrxpentatl.on)  haye  been 
incorporated  inasmuch  as  both, 'these  functions,  are  eohsldered  hoh-de- 
niahdlhg  of  efthbr  the  operator's  time  or  skills 
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3.4.4-  Shipi  Control.  Tasks- 
3.4. 4.1  Steering  and  Diving 

314.4- .l.l  Modes;  6f  operation  -  Control  of  depth  arid  bourse  using 
jplaries  arid  rudder  can  be  accomplished  using  any  one  of  three  modes  of 
operatlori. 

1)  Primary?  completely,  automatic  control  of  depth  arid  course, 
singly  or  in  combination);  control  of  the  pther  .parometer  wb.uld  be 
manual  in  the  former- case. 

2)  Secondary?,  manual  control  of  depth  and  c6u?;‘sc, -singly  or  'lri 
combination  by.  a  single  operatoi*)  control  of '  the -other  parometer 
would-  be  automatic  in  the  fo??mer  ease, 

3)  Tertiary?  manual  control  of  depth  and  course  by  two  operators), 
the  ship  control  operator  controlling  the  planes  (depth)  Md  an 
emergency  helmsman  controlling  the  rudder  (course), 

Any  one  of  the  three  control  modes  cari  be  used  under  normal  coridltloris) 
foi*  casualty,  condltioris,.  four  such  situations  cari  .be  Specified. 

1)  Failure  to  a:  hydraulic  power  system?  the  loss  of-  the  main 
hydraulic  system  would  not -require  more  than  a  single  operator  at 
the  station.  The  vital  and  lead  hydraulic  systems  have  equal 
capacity  to  the  main  and  substitution  of  anyone  for  the  other 
would  riot  decrease  control-  effectiveness.- 

2)  Paliuro  to- the  automatic  control  system?  falluro  to  the  auto ^ 
matlc  control  systeh?  for  course  or  depth-would  fequlro  a  change;  -In 
control  modes)  but,  here  again,  a  single  operator  would  suffice  as 
long  as  rio  failure  occurred  in  the  dispiayraldlrig  meohahismv 

3)  Psliure  in  one  or-mpre  of  toe  magnetic  amplifiers?  loss -of 
electrical  power  to  one  or  mo?i*e  of  tiit  hydraulic  valves  (niagrietlc 
amplifier  fallut«)  would  require  a  charige  in  control  modes i  At 
this  time,  .an  "emergency, power"  condition  would  provall?  Control 
would  charige  from  a  position  control  -closed-loop  servo  system  to 
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a  jate  servo  system  With  the  operator  directly,  cqntroiilhg  the 
fats  of  flolir  of  oil  through  the  hydraulic  vaiye{s)<  Dual  contwl 
{tertiary  Mode.)  would  be  advisable  here  to  minimize  the  likelihood 
of  confusion  errors  as  a  result  of  changing  from- .position  dontfol 
to:,  rate  control. 

*♦,)  Failure  of  hydraulic  valve  or  loss  of  electrical  power  to 
one  of  the  Hydraulic  rams;  casualty  of  this  kind  wOuld  require 
the  use  of  :additlon8i  personnel.  Emergency  control-  for  this 
•Situation  cannot  now  be  exercised  at  ship  .control,  .but  it  Is  exer* 
olsed  at  the  location  Of  the  casualty  or  via  hand  punips  in,  the 
control  room;.  This  method  Of  operation  will  be  imaintainedi 

The  ma  jor  reason  for  providing  the  dual  operator  .mode  (.fertiairy). 

Is  to  facilitate  control  when  a  failure  occurs  to  the  principal 
•ship  control,  display  or  when  a  power  failure  occurs  which  necesr 
sltatea  the  use  of  ^mechanical  Indicators  for  depth,  and  c.o.ui’se. 

Displays  ( See  Pig,  .3s6  thru  3-8)  r  Three  separate  displaj^ 
systems  are  provided  .for  presenting  depth,  and  .course  information. 

1)  SQUIRE  (Submarine  Quickened  RBsponse)  display;  this  is  the 
principal  ship  control  display..  Through  the  .use  of  quickening,. 

It  affords  position  control  of  depth  apd  course  by  the  opera,tor(s,) 
in  Secondary  or  Tertiary  and,  a.lso  serves  as  a  monitoring  disp.lcy 
while  under  automatic  control.  It  consists  of  .a.  iTrinch  CRT  with, 
grid  overlays,  and  scales  for  depth  and  course  located  on  the  .four 
edges,  of  the  dlsplayi,, . 

For  all  conditions  of  operation,  three  .symbols  are  presented  .con^ 
tinuopsly;  (1)  an  ordered  depth  and  course  sjmbol  (rectangle), j 
variable  in  size,,  with  tlcK  marks  variable  In  number  and  spacing 
on  .all  four  sides;  ,('2)  a  quickened  dej'th  and  course  symbpl  (dot),,, 
variable  In  size;- .and  (3)  an  actual  depth  ahd  course  s^bol 
(croes)i  variable  in  size; 


a. 
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TV  periscope,  Radar  and  itohar  Infoiwatlon  also  can  be  dispiayedi 
When  SQUira  Is  used  to  present  any  one  of  these  sources  of  Ihfor- 
matioh,  the  presentation  will  be  superimposed  over  the.  -SQUIRE 
cymbclii.  Other  Infomatlph- depicting  .depth  to  surface  and  depth: 
to  bottom- also  are- presented  oh  the  display,  these  being  poh- 
tihuously  available. 

ihe  SQUi^  display  can  be  used  while  operating  In  any  one  of  -the; 
three  cohtrel  .modes. 

2)  Auxiliary  Displays  (elebtro-inechahloal)  s  in  the  event  of  a 
failure  to  SQUIRE,,  qulcjcenlhg  is.  nd  longer-  available  for  depth 
.arid  course  control.  ‘To  obtain  depth- and  course  ihfohnatioh  In 
this  situation,  auxiliary  indicators  are  provided}  these  also  can 
be  used  for  proficiency  maintenance  and  shipboard  training,  The 
eight  displays  constituting  the  auxiliary  indicators  for  steers 
Ihg  and  diving  ai^e; 

a)  digital  depth  iridlcatbr 

b)  depth,  rate  indicator^*^ 

c)  combitied  .pitch  i  .pitch  rate  Indicator 
di  stern  planes  Indicator 

e)  falfwater^piahes  Indicator 
'f)  rudder  angle  indicator 

g)  gyro  course  repeater 

h)  roll-list  Indicator 


^^Depth  rate  can  be  estimated  fairly- accurately  by.  experienced- opera¬ 
tors  rro,m  a  digital- depth.  Indicator.  The  reasons,  for.-dlsplaylng  depth 
rate  separately  are  that  it  is  useful  in  det ormlhlhg  trim  imbalance . 
arid  also  so  that  orders  given  in  rate  of  descent  (ascent)  can  be  effec¬ 
ted  accurately.  On  the  other  hand,  ttii’e  is  not  displayed  because 

it  can  be  estimated  fairly  accurately  frorh  course  information  and  It 
Is  ohly  used  in  changing  course. 
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Since  a  failure  to  SQUIRR  does  not  hfeoessarily  Involve  a*  failure. 
In,  the  automatic  control  system,  all  three  control  modes  can  be 
employed  with,  the  auxiliary  Instruments, 

3)  .Emergency  Indicators  (mechanical):  a  separate  group  of 
mechanlcai  indicators  are  provided  for  full  emergency  back-up  In 
.the,  event  of  a.  geheral  power  failure  which  ..causes  .the  loss,  of 
electronic  Indicators,  The  folloVIng  Instruments  .are  provided 
for  emorgehcy  depth  c-jntrols 

,ia)  shallow  depth-gauge 

b) ;  deep  depth. gauge 

c) :  -trim  "lubbie"  gauge 

Considering  the  con4itions  that  would  prevail  when  these  instruf 
menta  are  being  usedj.  lt  was  aasumed  that,  dual  operator  Control 
of  d.epth  and  course  (Tertiary  mode)  Is-preferabie}  the  lo'catidn 
of  these  instruments  oh  the  console  reflect  this  assumption. 

3,^.^ii.3  Controls  (See  Figures  3-9,  3-16  and  3-il)  -  Ih©  fallowing 
Controls  are  provided  for  steering  and  diving. 

1) ;  Steering  Mode  Selector;’  this  control  is  used  to  select  the 
mode  of  opei’ation  for  course  cohtrolv  in  Primary  rudder  control 
is  effected  via  the  computer,  in  Secondary  via  a  Joystick,  and  in 
Tertiary  via  an  emergency  helm  (wheel), 

2)  Diving  Mode  Selector:  this  control  Is  used  to  select  the 
mode  of  operation  for  depth  contwl.  In  Primary  both  fal.rviater 
and  stern  ;plane3  are  controlled  via  the  computer,  in  Secondary, 
and  Tertiary  control  is  exercised  via  a  Joystlcki 

3)  Gain  Mode  selector:  this  control  is  used  to  adjust  the  dlnieh- 
sioiiS  of  tile  three  oymbols  for  depth  and  course  presented  on 
SQUIRE  to  obtain  varying  degrees  of . precision.  It  can  be  used  In 
all  three  control  modes  as  long  ss  SQUIRE  is  functioning. 
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FIGURE  3-10  Joystick  CONTROLr  ty  AZIMUTH  EEtECtORi 
AW  SPEIJ(ER;M|KE 
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FiOURC  3-11  ANNUNCIATOR.  COMFUTIR  kEYlOAIlb.  AUXILIARY 
PROPULSION  SYSTEM  AND  CMEROENCY,  HELM 
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i|)  Maximum'  Rudder  Limiter  Selector:  this  control  la  uaed  to  pro¬ 
vide  jnaxlmum  rudder  angrea  for  changihg  course,  Primary  the 
setting  selected  will  iliiiit 'fue  tuni  rate,.  In  .Secondary  or  Tertiary 
the  selected  value  .will  limit  the  rate  of  movement  of  the  quickened 
symbol  and,  thus,,  indlifectiy  limit  manual  turning  rates. 

5)  Maximum  Pitch  Limiter  Selector;  .  this  cpnt.ro.l  is  used  fco^pro- 
vlde  maximum  pitch  angles  for  changing  depth.  Ih'  Primary  the  se¬ 
lected  value  will  limit  the'  maximum  pitch  angle  utilized  by  the 
computer.  In  Secondary  or  Tertiary  the  selected  value  cphtrols  the 
rate  of  movement  of  the  quickened  symbol  and,  thiis,.  indirectly 
llmitd- the  pitch  angle  utilized; 

6)  Neutral  Angle  Selector:  this  control  is  used  to  provide  steady, 
state  pitch  angles.  Ih  Primary  the  setting  selected  will  .determine 
the  angle  on  the  ship  held  at  ordered  depth  and  also  Control  the 
qulckehed  symbol  on  SQUIRE  such  that  it  shows  ho  depth  excursion 
for  non-zero  pitch.  Ih  Secondary  and  Tertiary  only  the  quickened 
symbol  is  controlled}  however,  the  desired  pitch  angle  can  be 
maintained  with  this  syn.!bol,  since  it  Will  show  as  a  depth  expur- 
sloh  any  deviation  .from  the  pitch  angle  selected. 

7.)  Falrwater/Stern  Planes  Ratio  Selector  i  tkia  control  is  used 
to  seiect  a  planes  ratio  in  all  three  modes, 

8)  SQUIRE  Display  Mode  ^lector:  this  Control  is  used  to  select 
the  presentation  desired  (sonar,  TV,  or  radar)  discussed  previously 
under  SQUIRE; 

9)  Depth  Scale  Selector:  this  control  is  used  to  change  depth 
scales  for  SQUIRE.,  'Pwo  scales  are  available,.  Shallow  or  deep,  and 
the  cliange  made  results  in  the  appearance  or  disappearance  of  a 
thir'd  dlgis  (unite  placed . 

ip)  Mean  Course  Selector:  Tills  control  IS -part  of  the  automatic 
ma.-.i'-v.verin,"  sy'-'em  as  are  the  two  controls.  It  is  used  to  desig¬ 
nate  to  i.he  computer  the  mean  course  (tracki  for  own  ship. 
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11)  Percent  Speed  Made  Oopd  Selector:  this  control  Is  used  to, 
designate  to  the  computer  the  percentages  of -actual  speed  to  make 
good. 

12)  Automatic  Maneuvering  Control;  Once  a  mean  course  and  per¬ 
centage  of  speed  to  make  good  ard  aeiectod,.  positioning  this  con¬ 
trol  to  the  "on  position"  will  command  the  computer  to  generate 

a  random  track  wt:ich  satisfies  these  two  cohdltlohs  as  well  as  ,ahy 
other  limits  which  are  placed  on. maneuvering i  e.gj,,  mlnlmirni  and 
maximum,  zig  angles,  minimum  and  maximum  times  on  a  given  heading. 
The  system  can  be  used  in  all  three  control  modes.  In  Primary, 
ail  changes  in  course  will  be  accomplished  automatically.  In 
Secondary  or  Tertiary  the  computer  will  dr^lve  the  ordered  symbol 
and  the  operator  will  track  the  ordered,  symbol  with  the  quickened 
symbol i 

13)  .SQUIRE  ihihing  Controls:  those  controls  are  used  for  adjust¬ 
ing  the  vertical  gain,  horizontal  gain,  intensity*  focus,  or 
brightness  of  SQUIRE: 

1(|)  "N  Azimuth.  Selector^:  this  control  is  used  when  the  SQUIRE 
display  is  presenting  TV  information.  It  is  used  to  control  the 
azimuth  of  the  W  camei'a  and-  permits  the  determination  of  relative 
or  true  azimuth: 

15)'  Computer  Entry  Keyboard;  this  instrument  is  used  to  enter 
orders  for  course  and  depth  changes-  to  the  computer,.  It  coplsts- 
of  a  standard  keyboard,  pushbuttons  for  depth,  and  .course  and 
digital  readouts  for  each  of  the  ordered  parameters;  Since  the 
computer  will  take  the  shortest  path  to  effect  a  opurse  .change, 
special  ordei?  controls,  "come  left"  and  "come  right'*,  are  provided. 
An  indicator  Is  provided- to  show  that  an  impossible  obder  has  been 
given  and.  a  computer  reject  control  to  countermand  a  previous 
order:  In  Primary  all  symbols  on  SQUIRE  will  be  driven  via  the 
computer.  In  Secondary  or  Tertiary  the  keyboard  is  used  to  posi¬ 
tion  the  ordered  siymbol  only. 
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16)  Joysticl:  Control-;  this  control  Is  used  by- the  operator 'to 
control  depth  and  course  In  Secbhclary  and  depth  In  Ternary..  With 
SQUIRE  operating*  control  director  InCorijiatlori  is  provldfed  by  the 
ppsitJf>h  of  the  p-’dered  symbol  and  the  movement  of  the  quickened 
s^boli  in  the  absence  of  SQUIREi, either  the  auxiliary  displays- 
or  the  emergepcy  indicators  are  used  to -control  depth  and  course . 
Two  switches  are  mounted  on  the  joystick,  an  override  switch  and 
ah  order  switch;  The  override  switch  enables,  the  operator  to -by¬ 
pass  the  cdjnputer.  Its  unique  function  is  to  allow  immediate 
manual  control  without  using  the  tiiodo  selectors.  The  order  switch 
enables  the  operator  to  position  the  ordered,  symbol  without  using;, 
the  keyboard.  Here  again,  it  pemlts  immediate  action  to,  be  taken; 

17)  Magnetic  Amplifier  Failure  Alarms  and  toergency  Power  Selec¬ 

tor  Control;  three  indicators  (red-green. lights)  :f6r  each;  of  the 
control  surface  amplifiers  (fairwater  planes,  stern -plan.es,  and 
rudder)  are  provided,,  dreen  signifies  the  amplifiers  are  functionr 
Ing  prope^riyii  red  indicates  a  :faiiurei  fo'  direct  the  operator’s 
attention  to  an  amplifier  .failure,  the  corresponding,  indicator 
Will  change  from  green  to  red  and  begin  to  pulsate  until  corrective 
action,  is  taken,  that  is,  switching  to  .emergency -  power.  This  will 
occur  in  conjunction  with,  the  release  of  an  audible  alam.  When 
corrective  action  is  taken,  the  amplifier  indicator  ceases  to  pul.r 
sate  but  remains  red' unci  1  the  amplifier  is  yjorking  pi’operly;  TOe 
selector  control  provided  is  a  four  position  rotary  sWitch.  Posi¬ 
tions  are,:-  (l)  o.tf,  (aV  rudder,  (3^  planes;  and'  (^)  all;  -Althpugh 
it  may  be  dosirabl“  for  effective  control  to  change  modes,  special¬ 
ly  to  change  to  Tertlai^,,  the  two.  systems  are  i'jidependent  of  each 
other  in  terms  of  function.  ^ 

18)  Auxiliary  Propulsion  Unit;  this  control  is  us.ed  in  the  event 
of  a  failure  to  the  main  propulsion  systemi 

19)  Qnergency  Helm;  this  control  is  a  wheel  v^lch  is  used  by  a 
second  opi^rator  to  control  the  rudder.  The  Steering  Mode  Selector 
must  be  set  at  Tertiary  for  the  wheel  to,  bo  activated.  At  that 
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time,  the  rudder  is  freed  from  control  by  the  computer  or  by  the 
joystick  depending  upon  the  mode  of  operation  in  effect  prior  to 
the  mode  oKange,. 

3. 4. 4. 2  Ballast  and  trim  Control  (See  Figures  3-l2i  3-i-3»  and  3-1'*) 

Pour  separate  systems  for  controlling  depth  using  water  transfer -are 
18  -  • 

provided; 

3.4. 4. 2.1-  Main  .^i last  tanks  System  -  %ils  system  is  used  to  rapidly 
effect  the  gross  changes  in  weight  overall  required  for  submerging  or 
surfacing.  The  instruments  provided  ard: 

13  dual  lover-ih-groove  controls  for  venting;  flooding  and  blow¬ 
ing,  singly  dr  in  combinatloh;  the  forward;, and  after  main  ballast 
tank  groups. 

2)  vent,. -flood,  and  blow  indicators  located  adjacent  to  the  coh= 

tibia. 


3),  two  color  light  (.rod-green^  signifying  thb  oohdlMon  of  the 
on-line  air  supply  connected  to  the  high  pressure  blower  system. 

Red  indicates  an  Insufficient  supply  of  air  necessitating  changing' 
air  banks;  green  indicates  that  ah  adequate  air  supply  is  avail¬ 
able.  Monitoring  and  regulating  the  air  supply  is  not  pncbmplished 
at  ship  control  but  at  the  Maintenance  Mohltorlhg  Station; 


3,4. 4. 2. 2  Special  Ballast  System  (Negative  Buoyancy  Tank*  -  Ohis.  sys¬ 
tem  is  used  to  attain  ah  initial  conditioh  of  neutral  buoyancy  when 
first  pubmerglhg.  Water  can  be  transferred  .from  this  tank  by  flooding 
arid  blowing  for  gross  changes  in  water  level  and’ through  the  trim  , pimp 
system  for  fine  chahges.  The  Ihstruments  provided  arcs, 


^^hree-  of  these  (l)  the  Main  Ballast  Tanks  System,  (2*  the  Special.  ^ 
Ballast  %ste.'n  (NBT),  and  (3*  -the  Variable  Ballast  System  (Trim  tahks' 
are  maintained  from  previous  vcssei-s,  although  design  chahges  in  dls- 
. plays  and  controls  anc.  He  Incorporation  of  .display-aldihg  and  auto-, 
matic  control  for  trim  are  ref.lected  In  the  instruments  provided.  The 
fourth  system,  for  hovering  and.  changing  depth  at  sero  speed,  utilises 
part  Of  tho  Variable  Ri.lla'st  System,  but  wl;eh  used  It  provides  a  separr 
ate  capability  for  depth  control. 
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FIOURE  l-U  ADDITIONAL  HOVIRINO  SYSTEM 
INSTRUMENTS 
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1)  dlsplaya  and  controls  for  venting,  flooding,  And  blowing  the 
negative  tank.  Aside  from  Indicators  for  sea  pressure  and  actual 
negative  tank  pressure,  the  full  scale  negative  tank  water  level 
Indicator  Is  located  here  rather  than  with  the  trim  tank  level  In¬ 
dicators  i  This  Is  done  to  facilitate  blowing  and  flooding 
operations .. 

2)  expanded  portion  of  negative  tank  water  level  indicator  scaled 
about  the  neutral  buoyancy  "mark,"  and  "mark"  selector  control. 
Since  blowing  and  flooding  are  gross  operstlons,  fine  oontmi  of 
negative  tank  water  level  Is  best  accomplished  using  the  trim  pump. 
ifor  this  reason,  sn  expanded  portion  of  the  full  scale  tank  In¬ 
dicator  la  located  among  the  trim  tank  indicators.  The  pointer 
will  register  at  some  preset  level  below  the  level  predetermined 
to  yield  neutral  buoyancy  for  the  operating  depth  ("mark")  (for 
example,  1000  lbs)  and  will  continue  to  register  up  to  an  equal 
amount  past  the  "mark."  If  the  level  of  water  Is  less  than  or 
greater  than  the  preset  limits,  the  Indicator  will  not  register. 
When  this  occurs,  the  continuation  of  blowlpg  or  flooding  Is  In¬ 
dicated.  To  permit  the  use  of  this  indicator  over  a  wide  range 

of  predeteimined  values  for  neutral  buoyancy,  a  selector  control 
Is  provided.  The  operator  sets  some  value  (for  example,  12000 
ibs)  which  sets  the  range  of  this  scale  for  11000  to  13CX30  lbs. 

3. ^.4. 2. 3  Variable  Ballast  System  (Trim  Tanks)  -  This  system  is  used 
to  effect  fine  adjustment  In  trim  (fore,  aft,  or  amidships  balance  and 
weight  overall).  Three  modes  of  operation  for  this  system  are  provided. 

1)  frlmary;  automatic  calculation  and  correction  of  trim  Im¬ 
balance  as  It  occurs. 

2)  Secondary:  automatic  calculation  and  correction  of  trim  Im¬ 
balance  effected  by  operator  owler.  Regardless  of  the  degree  of 
trim  Imbalance,  no  correction  will  be  mnde  unless  the* operator 
directs  the  computer  to  do  so  via  an  order  control. 

3)  Tertiary:  In  this  mode,  the  operator  must  correct  trim  im¬ 
balance.  If  the  computer  is  functioning,,  desired  levels  for  the 
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trim  tahks  will  be  calculated,  but  the  operator  must  manually  ac¬ 
tivate  the  pump  system  and  direct  the  flow  of  water  being  moved. 

The  inatrumehta  provided  for  this  system  are: 

1)  tMni  tiahk  Indicators;  four  indicators  for  the  forward,  auxil¬ 
iary  (1  4  2)  ,  and  after  trim  tanks  are  grouped  with  tlie  negative 
tank  indicator  (expanded  scale)  described  prevloual'  ^cept  for 
tlje  negative  tank  ihdloator,  all  trim  tank  indicate  a  have  two 
pointers..  One  of  these  is  driven  by  the  computer  and  shows  the 
calculated  level  of  water  appropriate  to  the  tank)  the  other 
pointer  registers  the  actual  level  of  water  in  the  tank.  In  addi¬ 
tion,  a  red  overlay  also  driven  by  the  computer  will  show  critic¬ 
ality  of  trim  correction.  In  Primary  and  Secondary  these  displays 
are  monitored  by  the  operator.  In  Tertiary  with  the  computer 
functioning,  oaloulatidh  of  trim  imbalance  is  simply  a  matter  of 
subtracting  the  calculated  value  from  the  actual  value  or  vice 
versa.  With  a  computer  failure,  the  final  value  calculated  will 
still  register  and  should  prove  helpful  in  correcting  trim  im¬ 
balance.  If  not,  the  operator  must  use  pitch,  planes  position, 
and/or  depth  rate  information  to  effect  trim  (the  procedure  cur¬ 
rently  used) . 

2)  bathythemograph  (temperature-salinity  recorder).  This  in¬ 
strument  will  continuously  record  changes  in  the  temperature- 
salinity  condition  of  the  water  oh  a  scale  calibrated  in  pounds 
to  reflect  these  changes  in  weight  overall.  The  Instrument  is 
provided  to  facilitate  trim  correction  in  the  event  of  a  failure 
to  the  computer  (Tertiary  mode). 

3)  pump  pressure  indicators  showing  pressure  in  the  prime  pump 
and  suction  and  discharge  sides  of  the  trim  pump.  Controls  for 
operating  the  prime  pump  and  a  "run"  light  also  are  provided.  The 
trim  pump  pressure  indicators  are  located  at  ship  control  rather 
than  at  the  Maintenance  Monitoring  Console,,  because  the  pressure 
necessary  to  operate  the  pump  at  any  given  instant  dan  vary  over 

a  wide  enough  r-ange  to  warrant  their  inclusion  n  re.  The 
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sufficient  reason  for  Including  the  prime  pressure  Indicator  la 
to  ensure  that  this  pump  is  not  damaged  due  to  its  use  below  the 
pressure  required,  for  Its  safe  operation. 

4)  trim  mode  selector:  used  to  select  the  mode  of  operation  for 
the  trim  system. 

5)  trim  correct  button;  used  to  o^der  the  computer  to  correct 
trim  while  operating  In  the  Secondary  mode. 

6)  six  sets  of  "frora-To"  controls  for  pumping  water  from  ar4  to 
the  several  trim  tanks.  (Including  the  negative  tank)  and  the  sea. 
Except  for  the  connection  of  the  negative  tank  and  sea,  controls 
are  not  activated  unless  the  mode  of  operation  Is  Tertiary. 

7)  trim  pump  selector  and  Indicators.  This  control  pennlts  the 
operator  In  Tertiary  to  select  the  condition  of  operation  for  the 
trim  pump  (parallel  or  series)  and  also  to  connect  the  drain  pump 
to  the  trim  tanks.  If  the  trim  pump  should  fall. 

8)  water  selector-  control  and  flow  meter.  The  control  permits 
the  operator  to  select,  in  advance,  the  amount  of  water  to  be 
moved.  It  Is  used  only  in  the  Tertiary  mode.  The  flow  meter  Is 
used  for  monitoring  water  transfer. 

9)  trim  pump  controls  and  "run"  llgl>t,  an  used  In  Tertiary. 
There  are  three  controls:  a  selector  pump  control  used  In  con¬ 
junction  with  the  water  selector,  a  continuous  pump  control  used- 
when  no  setting  Is  made  on  the  water  selector,  and  a  stop  control 
used  with  the  continuous  control. 

3. 4. 4. 2. 4  Hovering  System  -  This  system  Is  used  to  control  depth  at 
zero  speed  and  also  to  co:itrol  the  rate  of  ascent  or  descent  while 
stopped  using  water  transfer.  The  system  will  operate  using  the  aux¬ 
iliary  trim  tanks  operated'  In  combination  via  separate  pump  system 
capable  of  varied  flow  rates.  Two  modes  of  operation  are  possible  for 
eitiicr  holding  depth  or  changing  depth. 
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1)  Primary t  completely  automatJe  when  the  diving  mode  selector 
la  set  at  Primary. 

2)  Secondary:  manual  control  when  the  diving  mode  selector  la 
set  at  Secondary. 

The  Instruments  provided  for  this  system  are; 

1)  hovering  control  and  indicator.  When  activated  the  control 
will  change  the  quickening  equations  for  depth  to  increase  the 
sensitivity  of  the  display  around  the  ordered  depth.  In  addition, 
it  opens  the  valve  connections  from  the  auxiliary  tanks,  in  com¬ 
bination,  to  the  hovering  pump  system  and  operates  the  pump  in 
Primary.  The  indicator,  when  lit,  signifies  that  the  hovering 
system  is  functioning  properly.  In  Secondary  the  control  only 
changes  the  quickening  equations. 

2)  valve  control  and  indicator.  In  Secondary  the  valves  must  be 
opened  manually)  the  indicator  will  light  in  either  mode  for 
"valves  open." 

3)  pump  control  and  indicator.  In  Secondary  this  control  is  used 
to  select  a  pumping  rate.  In  Primary  the  computer  will  utilize 
the  setting  made.  Again  the  indicator  will  light  in  either  mode. 

^l)  keyboard  entry  control.  To  hold  depth  in  either  mode  the  com¬ 
puter  will  use  the  previously  entered  value  for  depth,  to  change 
depth  a  now  ordei-ed  depth  must  be  entered)  this  will  position  the 
ordered  syinhol  on  SQIITRR.  tn  Secondary  the  keyboard  can  be  by¬ 
passed;  the  quickened  symbol  is  driven  without  regard  to  the  posi¬ 
tion  of  the  ordered  symbol. 

5)  Joystick  control.  In  Secondary  the  Joystick  Is  used  to  maln^ 
tain  or  change  doptn,  in  conjunctleq  with  the  SQUIKk  or  using 
auxiliary  Instruments,  by  pumping  water  in  or  out  of  the  tanks. 

As  envisioned  the  planes  will  remain  coupled  and  some  movement 
vfl'lj  occur.  At  zero  speed,  however,  the  effect  of  this  movement 
will  lie  slight  'j!'  noji-ezlstent. 
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6,)  SQUIRE:  ug<?(l  for  monltoping  in  Primary  arid  for  dlrcctinfr, 
pvanplng  aution  in  Secondary,. 

7)  digital  depth  indicator.  This  Instrument  is  used  if  SQUIRE 
falls.  In  addition,  to  facilitate  control  without  SQUIRE  two 
other  Instruments  are  provided.,  'flrese  are: 

8)  depth  rate  indicator.  This  display  is  separate  from  the 
depth  rate  Indicator  described  under  auxiliary  instnahents.  It  is 
calibrated  in  tenths  of  a  foot  and  is  used  in  hovering  a.id  chang¬ 
ing  depth  at  zero  speed. 

9)  acceierometer.  This  instrument  Is  scaled  in  pounds  to  plus 
or  minus  3000  lbs.  it  is  used  in  conjunction  with  the  fine  scale- 
depth  .rate  indicator. 

3.it.ti3  Speed  Ordering  (Figure  3-14) 

The  Instroments  provided  for  this  task  are: 

1)  speed  ordering  annunciator.  This  is  a  dual  pointer  indicator 
and  control  with  one  pointer  being  positioned  by  turning  the  con¬ 
trol  (rotary  dial)  while  the  other  pointer  is  positioned  via  a 
signal  from  the  station  actually  effecting  speed  changes. 

2)  digital  speed  indicator  in  knots. 

3.4. 4. 4  Miscellaneous  Tasks  (Figure  3-I5) 

Instruments  are  provided  for  the  following  tasks: 

1)  Monitoring  watertight  integrity;  five  standard  circle-bar 
indicators  plus  a  red-green  rig-for-dlve  light  are  provided  for 
this  fimetion,  T!ie  five  indicators  show  the  status  of  the  follow- 
ihg  hull  openings: 

a)  bridge  hatch 

b)  outboard  induction 

c)  main  snorkel 

d)  engine  exhaust 

e)  outboard  vent  exhaust 
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2)  Monitoring  and  Regulating  the  Operation  of  the  Snorkel  System.  | 

Physical  controls  for  operating  the  snorkel  system  will  not  be  ; 

provided  at  Ship  Control,  To  ensure  the  safety  of  the  ship,  snor¬ 
kel  operations  will  be  ordered  via  Ship  Control  or  permission  will 

be  obtained  from  Command  and  communicated  to  the  operating  atatloh 

via  Ship  Control,  To  permit  an  override  function  to  be  effected  j 

at  Ship  Concroi,  the  following  instruments  are  provided;  ; 

a)  summary  indicators  for  the  snorkel  mast.  There  are  two  > 

positions,  mast  up,  and  mast  down. 

b)  an  order  control  used  to  order  the  start  of  the  snorkel  > 

operation  and  also  to  order  its  cessation.  J 

c)  an  emergency  shutdown  control  used  to  shut  dOwh  the  sys-  f 

tern  completely  and  to  crose  all  suOrkel  hull  openings. 

3)  Monitoring  and  Regvilatlng-  Mast  Position.  Physical  controls  ' 

for  raising  and  lowering  masts  will  not  be  provided  at  Ship  Con-  } 

troi.  To  ensure  the  safety  of  the  masts,  the  following  instru-  j 

ments  will  be  provided:  * 

a)  summary  indicators  for  ell  masts  (two).  There  are  two 

positions,  masts  up  and  masts  down.  If  the  "up"  light  is  on,  j 

this  indicates  that  one  or  more  of  the  masts  is  up.  If  the  I 

"down"  light  is  on,  this  indicates  that  all  masts  which  can  be 
faired  are  faired  and  ail  others  are  lowered  completely.  ■) ' 

Specil'lc  indicators  for  each  mast  will  be  provided  on  the  j 

i 

Maintenance  Monitoring  Console.  : 

b)  an  order  control.  This  control  is  used  to  (1)  indicate  i j 

pennlsslon  to  raise,  that  is,  the  ship  is  operating  at  safe  i 

limits  for  mast  raising.  Requests  to  raise  masts,  however,  ; 

must  still  be  initiated;  (2')  order  to  fair  (all  masts  not 

faired  are  to  be  lowered);  and  (3)  order  to  lower  (all  masts  i 

are  lowered  at  this  time).  I 
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c)  an  emergency  mast  control.  When  activated  this  control 
will  fair  or  lower  any  mast  up  (masts  up  being  faired,  others 
being  lowered).  This  control  will  only  be  used  when  lowering 
•time  is  critical, 

3.^.^ *5  Miscellaneous  Instruments  (Figure  3-l6) 

to  facilitate  system  monitoring,  the  following  instruments  are  provileds 

1)  a  mode  of  operation  status  board  identifying  the  present 
operating  mode  for  those  systems  which  can  be  operated  In  more 
than  one  mode.  These  are  steering,  diving,  and  trim  (the  hover¬ 
ing  system  mode  is  .governed  by  the  mode  setting  for  diving).  The 
Indlcstors  (lights)  are  color  coded;  green  for  Primary,  amber  for 
Secondary,  and  red  for  tertiary.  In  addition,  these  Indicators 
serve  as  specific  malfunction  alams.  If,  for  example,  steering 
la  In  Primary- and  a  malfunction  should  occur,  the  Secondary  Indi¬ 
cator  would  begin  to  pulsate  directing  the  operator  to  changing 
modes.  This  will  occur  In  conjunction  with  the  release  of  an 
audible  alarm. 

2)  a  separate  visual -alarm  indicator  is  provided  for  SQUIRE  since 
It  can  fall  without  a  failure  to  the  automatic  system. 

3)  audible  alarm  and  control.  The  control  can  be  set  so  that  the 
alarm  will  not  go  off.  The  off  position  will  be  used  when  silent 
operation  Is  deemed  desirable.  It  Is  used  moi^  nomally  to  shut 
off  the  a lain  when  activated. 

In  addition,  several  Indicators  are  provided  for  use  both  by  command 
(or  the  O.O.D. )  and  the  ship  cont.’ol  operator.  These  are; 

1)  cavitation  indicators  (qualitative),  three  lights  signifying 
low,  moderate,  or  heavy  cavitation. 

2)  rpm  indicator,  which  Is  primarily  used  In  conjunction  with 
the  cavitation  indicator  for  regulating  the  degree  of . cavitation 
via  rpm  changes.  When  ordered,  these  changes  are  communicated 
over  the  speaker  mike. 
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TABLE  3-3 

SUMMARY  DATA  TOR  THE  SHIR  CONTROL  STATION:  OPERATOR  TASKS,  (O.T.) 
INFORMATION  REQUIREMENTS  (l.RO,  DISPLAYS  (D)  AND 

CONTROLS  (C)  POR  -MANUAL  CONTROL  UNDER 

NORt-lAL  CONDITIONS 

O.T. 

.  I.R. 

D. 

.  c. 

Submerging 

1.  Ensuring  water- 

a.  status  cf  hull 

summary  Indicators: 

tight  Integrity 

openings 

hatch  openings, 

bridge  hatch,  hull 

openings 

S.  Flooding  MBTa 

a.  status  of 

vents  open  Indicator 

levers rin- 

vent 

groove 

b.  Indication  of 

tanks  flooding 

- 

tanke  flooding 

indicator 

3 .  Planing  Down 

a.  actual  speed 

digital  indicator 

b.  depth  to  bottom 

(b),  it\),  (d),  (e) 

,{1)  max.  pitch 

and  f)  are  Inoor- 

selector 

e.  ordered  pitch 

Qcratt  J  In  SQUIRE 

(2)  keybobivl 

angle 

uispiay 

entry  Joy- 

stick 

<i .  oj-dered,  depth 

(3)  Joystlc.. 

e.  actual  depth 

*■  “aT 

f.  control  direc- 

tor  signal 

1).  Adjusting  NBT 

a.  desired  water 

level 

b.  sea  pressure 

indicator 

(1)  "mark" 

selector  , 

c.  N3T  pressure 

Indlcstoi* 

(?)  vent 

flood  and 

d,  ve  10  status 

Indicator 

blow  con- 

trols 

e.  actual  water 

indicator 

r 

1 
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TABLE  3-3  (Coht) 


O.Ti 

.  I.R.-  ,  ..  . 

.  D. . 

Surfacing 

1,  Blowing  MBTs 

•i  Indication  of 
tanka  emptying 

b.  a.tatua  of  air 
supply 

tanka  emptying 
Ihdlcstof 

go-no  go  Indicator 

2i  Planing  Up 

a.  actual  speed 

b.  depth  to  surface 

p.  ordered  pitch 

d,  actual  depth 

e,  control  director 
signal 

digital  Indicator 

(b),  (c),  (d)  Slid 
(e)  are  incorpora¬ 
ted  in  SQUIRE 
dlapiay 

-Depth-Seeking 

a.  actual  speed 

b. -  depth  to  aoKsce 

(bottom) 

c  ordered  pitch 

angle 

d.  ordered  depth 

e.  actual  depth 

f.  control  director 

signal 

-1,  Planing  Up  (Down' 

digital  Indicator 
(■»),, (o),  (d),  (e) 
and  (f)  are  Incor- 
poi'ated  In  SQUIRE 
dlapiay 

^pth-keeplng 

a.  ordered  depth 

b.  actual  depth 

c.  control  director 
signal 

(a),,  (b)  and  (c) 
are  Incorporated 

In  SQUIRE  uispiay 

■1.  Holding  Depth 

2.  Holding  Pitch 

a.  ordered  pitch 
angle 

(a),  (b)  and  (c) 
are  Incorporated 

In  SQUIRE  display 

' 

b.  actual  pitch 
angle 

Oi  control  director 
signal 

C. 


lev«rt-lh 

groove 


(1)  maxi  pltch| 
•elector 

(2)  Keyboard 
entry 

(3)  Joyetlck 


(1)  max.  pitch] 
•elector 

(2)  keyboard 
entry 

(3)  Joyetlek 


Joystick 


(1)  neutral 
aiigj'?  ae- 
Isctor 

(2)  Joystick 
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Depth-Keeping 

(Cunt) 

3.  Effecting  Trim  a. 


Piloting 

1,  Adjusting  Course  a, 
to  avoid  ^ 

obstacles 


Course-Seeking 
1.  Turning  Ship 


state  of  trim 
Imbalance 

actual  water 
levels  In 
trim  tanks 

o!^lered  (appro¬ 
priate)  water 
levels  In  trim 
tanks 

status  of  pump(3l 
pressure 

actual  speed 

location  of 
obstacles 

ordered  rudder 
angle 

ordered  course 
actual  course 

control  direc¬ 
tor  signal 

actual  rudder 
angle* 

actual  speed 

ordered  ruddei' 
angle 

ordered  course 


criticality 

Indicators 

Indicators 


Indicators 


Indicators 


digital  Indicator 

TV  or  Radar 
picture 

SkUlRE  (submerged) 

li>),  (c),  (d),  (e) 
and  (f)  are  incor¬ 
porated  In  SQUIRE 
display 


digital  Indicator 
(b),  (c),  (d),  and 
(e)  are  Incorporated 
In  SQUIRE  display 
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TABLE  3-3  (cont) 

O.T.  _ 

I.R.  .  . 

B. . 

c-  - 

Courie*Keaplng 
1.  Holding  course 


Speed  Ordering 
1.  Regulating  Speed 


s.  ordered  course 

b.  actual  course 

04  control  director 
signal 

a.  ordered  speed 

b.  order 
acknowiw-dgment 


c,  actual  speed 


Miscellaneous  Tasks** 
Control  Tasks 
1.  Operating  Snor¬ 
kel  System 


Controlling 
Position  of 
Masts. 


position  of 
snorkel  mast 

status  of  hull 
openings 

position  of 
masts 


(a),  (b)  and  (c) 
are  incorporated 
in  SQUIRE  display 


(a)  and  (b)  are 
shown  on 
annunciator 


digital  IndJ'cator 


up-down  indicators 


olrclo-bar 

Indicators 

svm.mary  Indicators 


Joystick 


annunciator 


(1)  order 
control 
(■')  emergency 
shut-down  con¬ 
trol 

(.1)  order  con- 
'  trol 
(2l  emergency 
shut-down 
control 


**Minor  aspects  of  these  two  control  tasks  are  assigneu  to  Snip  Conti'oi; 
all  -Jnerglzlng  and  regulatory  tasks  are  assigned  to  the  Maintenance 
Monitoring  Station. 
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SONAR  SURVEILLANCI 


4.1  iNTRODUCTION 

The  final  fom  of  the  SUBIC  Rlaoal  Year  '65  (THRESHER  olaaa)  aurvsil- 
lanoe  panel  faoea  tfaa  developed  on  the  baala.  of  1)  a  apeolfloi  reatrlo- 
ted  definition  of  the  aohar  authrelllanoe  pr6oeaa«  2)  a  ayatanatle  anal« 
yala  of  the  funotlona,  taaka^  and  information  requiremanta  involved  in 
the  aonar  aurvelllanbe  prooeaat  and  3)  aaaiimptiona  that  oertain  typea 
of  hardMre  and  their  aaaoolated  dlaplaya  and  oontrola  would  ha  ineor* 
poratad  within  the  ayatew. 

It  la  the  purpoae  of  the  following  Introductory  dlaeuaaion  to  daaorlba 
the  Ml/j^tionehlpa  among  the  general  cohoepta  of  aonar  aurveillanoa, 
apeclfloally  atated  functional  taaka  and  Ihfonaatlon  requlramentai  and 
reaultlng  panel  faoea.  It  ahould  be  noted  at  the  outaet  tliat  the  par¬ 
ticular  panel  facea  developed^  while  capable  of  meeting  general  func¬ 
tional  requlrementa ,  do  not  neceaaarliy  approach  the  ultimate  configur¬ 
ation.  The  dealgn  of  the  panel  facea  reflects  the  SUBIC  RY  '65  en¬ 
gineering  conatralnta  and  aaaumptlona  for  the  THRESHER  (SS(N)593)  claaa 
aubmarlnei 

For  the  development  of  panel  faces  described  in  this  report,  it  was 
aaamed  that  the  following  general  types  of  sonar  equipment  and  aaso- 
clated  hardware  would  be  Incorborited  within  the  broad  category  of  the 
sonar  surveillance  subsystem: 

1)  Preformed  beam,  OIMUS  type  sonar  equipment  for  initial  detec¬ 
tion  of  signal  data; 

2.)  Mechanical  compensators,  such  as  those  e^loyed  in  the  BQS-6 
sonar  equlj^ent,  for  target  tiacklng  a.id  precise  locailzatlon; 

3)  Demodulated  and  band  shift  modulated  frequency  recorders  for 
Initial  detection  and  signal  coni’lnaatloh; 
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4)  Sonar  communication  equipment  of  the  SESCO  type,  with  added 
capability  provided  by  the  central  computer) 

5)  .Ciaaslflcatlbn  equipment,  almllar  to  the  B^-3  presently 
available. 

It  was  also  assumed  that  a  central  computer  would  be  available  for 
aiding  the  operator  In  such  tasks  as  passive  ranging,  active  ranging 
and  range  rate  analysis,  communications,  and  generated  target  tracking. 

it  should  be  noted  that,  although  several  types  of  equipment  will  be 
Incorporated,  there  may  be  some  common  utilization  of  specific  hard¬ 
ware,  for  example,,  a  particular  hydrophone  array, 

4.2  GENERAL  CONCEPTS 

The  concept  of  surveillance  results  from  the  requirement  of  the  sub¬ 
marine  to  gather  Infonnatlon  about  Its  external  environment  through 
various  sensors .  A  sensor  is  considered  to  consist  of  a  receptor, 
which  acts  on  or  Is  acted  upon  by  a  given  environment,  an  Indicator, 
and  a  computing  device)  the  basic  function  of  a  sensor  Is  the  detection 
and  presentation  of  Inforaatlon.  Samples  of  sens  ora  In  the  aubmarlne 
system  are  radar  and  ECK  as  well  as  sonar.  Surveillance  accomplished 
by  means  of  sonar,  in^lles  "watching''  of  the  submarine's  environment 
through  the  collection  and  examination  of  waterborne  sounds. 

Sonar  surveillance,  by  definition,  is  an  Integral  part  of  the  submarine 
system.  As  a  system  Itself,,  the  submarine  Is  an  example  of  "a  group 
of  activities.  Involving  men  and  machines,  dlraoted  toward  the  solution 
iif  a  giver,  set  of  problems  “(Ref.  9,  p.7).  The  Interaction  of  men,  machines, 
and  their  operating  environment  in  the  attaining  of  certain  goals  Is 
inheraht  In  the  definition  of  system. 

Within  any  given  system  or  set  of  subsystems  comprising  the  total  sys¬ 
tem,  there  Is  a  hlerachy  of  goals  or  obJecta.ves,  the  attainment  of  the 
major  ^al  being  dependent  in  varying  degrees  oh  the  attainment  of  sub- 
goals.  in  the  analysis  of  suryelllance,  a  system  is  considered  to  be 
that  group  of  man,  machine,  and  man-machine  activities  which  are 
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directed  tomrd  achieving  whatever  has  bseii  designated  the  major  ob¬ 
jective.  A  sub-system,  It  fellows,  Is  a  graup  of  activities  Involving 
men  and  machines  which  Is  directed  toward  achieving  a  sub-goal  upon 
which  the  achievement  of  the  major  goal  Is  dependent. 

An  example  of  a  system,  then.  Is  a  submarine,  the  major  goal  of  which 
may  be  to  seek  out  and  destroy  enemy  ships .  A  sub-system  Is  the  group 
of  men  and  machines  performing  surveillance  activities,  that  Is,  those 
activities  concerned  with  detecting,  classifying,  and  localising  enemy 
ships.  These  activities  provide  Information  necessary  for  the  system 
(submarine)  to  accomplish  its  localisation  and  destruction  goal.  For 
the  purposes  of  this  particular  Mport,  It  has  been  assuned  that  sur¬ 
veillance  activities  are  limited  to  those  listed  above.  It  has  been 
assumed  that  continuous  monitoring  of  the  environment  and  subsequent 
discovery  of  various  natural  phenomena  as  well  as  friendly  ships  will 
occur.  It  la  not  the  basic  function  of  sonar  surveillance,  however, 
as  presently  conceived,  to  detect  or  search  for  such  sources  of  water¬ 
borne  noise.  Moreover,  It  has  been  assumed  that  sonar  surveillance 
per  se  will  not  Include  sonar  communications  or  fathometer  operations. 

The  detecting,  classifying,  and  localizing  activities  specified  repre¬ 
sent  phases  of  the  basic  surveillance  mission  and  serve  to  differentiate 
the  surveillance  mission  fwm  the  Fire  Control  mission.  Surveillance 
entails  the  process  of  receiving  and  processing  signals  In  such  a  way 
that  target  characteristics  (type  of  ship,  bearing,  range,  D/E,  speed, 
range  rate,  etc.)  may  be  rpeclfled  to  Fire  Control.  The  basic  mission 
la,  then,  to  infom  Fire  Control  of  presently  sensed  location  of  a 
target  and  to  supply  data  for  the  prediction  of  future  location.  The 
disposition  of  such  data  (for  example.  Its  use  for  computing  target 
course,  speed,  etc.)  Is  the  concern  of  Fire  Control. 

Mission,  In  the  sense  used  here.  Is  defined  as  ^  work  cycle,  the  per¬ 
formance  of  which  la  r-equlred  by  the  system  or  sub-system.  The  perfona- 
ance  of  a  given  work  cycle  or  mission  Is  equivalent  to  the  goal  directed 
activity  noted  In  the  definition  of  systems  and,  sub-systems.  Cchcdp- 
tuailzatlon  of  a  mission  as  a  cycle  of  work  facilitates  the  later 
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division  of  a  mission  Into  time  ssgnsnts.  Nsvsrthslsss,  division  of 
missions  Into  time  segments  op  phases  does  not  htesssarlly  guarantee 
that  time  segnents,  missions,  or  mlMlon  phases  art  not  overlapping # 

The  surveillance  mission  Is  accomplished  by  an  assemblage  of  man  and 
machine  components .  The  relationship  between  the  man  and  machine  com^ 
ponents  should  be  such  as  to  maximise  the  probability  for  successful 
effecting  of  the  mission.  A  statment  of  the  relative  value  of  a  given 
system  in  maximising  mission  success  must  be  based  upon  an  evaluation 
of  the  system  In  terms  of  efficiency,  reliability,  and  logistics 
criteria. 

4.3  ANALYSIS  OP  FUNCTIONS  AND  TASKS 

in  order  to  delineate  the  Job  of  the  man-machine  assemblage,  an  analysis 
of  each  mission  phase  (for  example,  detection)  Into  Its  component 
functions  and  tasks  was  undertaken.  Function  Is  defined  as  a  gross 
activity  or  performance  of  the  system  which  contributes  toward  the 
obtaining  of  system's  objectives  or  goals.  Thus,  obtaining  a  target's 
bearing  Is  a  function  of  the  surveillance  sub-system.  Functions  may 
be  assigned  to  either  men  or  machines  or  to  combinations  of  men  and 
machines.  Tasks,  that  Is,  those  specific  activities  necessary  to  ac¬ 
complish  a  given  function,  have  been  determined.  Within  the  work  cycle 
of  localization  a  task,  for  example,  may  be  the  nulling  of  a  bearing  de¬ 
viation  signal  to  obtain  a  precise  bearing.  Insofar  as  possible  the 
functions  and  tasks  have  been  stated  In  sequential  order. 

4.4  TASK  ALLOCATION 

The  tasks  Isolated  during  the  function  and  task  analysis  fall  Into 
four  categories:  perceptual,  decisional,  operational,  and  computational. 
A  perceptual  task,  akin  to  monitoring  or  vigilance,  Involves  the  sen¬ 
sing  and  "registering"  of  environmental  conditions,  whether  dynamic  or 
static,  In  a  form  that  pemlts  utilization  cf  relevant  data,  A 
decisional  task  involves  the  choosing  among  a  number  of  alternatives  of 
ah  Inferring  that  a  particular  situation  exists.  Ah  operatlohal  task 
Involves  the  mechanical  manipulation  of  equipment.  A  computational 
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task  Involves  the  perfomlng  of  a  oomplex  or  tlme-cohsumlhg  numerloal 
calculation  or  the  making  of  a  numerical  estimate.  It  should- be  recog¬ 
nized,  however,  that  the  division  of  tasks  Into  the  four  defined  types 
Is  somewhat  arbitrary,  in  ho  sense  should  the  division  imply  that  a 
task  of  a  certain  type  13  limited  In  characteristics  strictly  to  those 
of  that  given  type.  A  discrimination  task,  for  example^  Involves  both 
perceiving  certain  stimuli  and  deciding  how  they  relate  to  one  another. 

The  breakdown  of  the  task  types  Into  four  gross  classifications  does, 
nevertheless,  facilitate  the  assignment  of  each  to  a  man  or  machine 
component.  The  allocation  of  each  task  to  a  man  or  machine  component 
la  based  upon  the  relative  facility  with  which  each  component  performs 
the  given  task  type.  Considerable  Information  (Ref,  3  and  8)  Is  avail¬ 
able  on  the  relative  facility  of  man  and  machine  in  performing  the 
task  types, 

Decision  tasks  have  been  assigned  to  man  because  of  his  adaptive  ability 
Inlmcertaln  situations  and  his  long-tenn  storage  capability.  Percep¬ 
tual  tasks  have  been  assigned  to  man  because  of  man's  ability  to  recog¬ 
nize  signals  In  a  background  of  noise  and  his  ability  to  Isolate  pat¬ 
terns  In  a  variety  of  s^ltuatiohs,  Operational  tasks  have  been  assigned 
to  either  component  on  the- basis  of  the‘‘ relative  skill  bf  each  In  per¬ 
forming  a  given  manipulation.  Computational  tasks  have  been  allocated 
to  machines  because  of  the  ability  of  machlhea  to  perform  deductive, 
mathematical  operations.  The  nature  of  the  man-roachlhe  Interaction 
was  decided  following  the  allocation  of  tasks. 


information  requirements  and  console  design 

The  console  developed  on  the  basis  of  the  foregoing  analysis  serves  as 
a  physical  link  between  the  operator  and  the  machine  with  which  he  must 
Interact  to  accomplish,  the  system's  miasloh.  The  tasks  have  been 
analyzed  to  determine  relevant  infoimatlon  requlf emehts ,  The  recjuire- 
mehts  represent  the  flow  of  Infoi-matldn  between  man  and  machine  and 
determine  what  Is  to  be  displayed.  What,  how,  and  wi  ere  infomatlon  Is 
to  be  displayed  Is  related  to  the  "criticality"  of  tha'^  infomatlon. 
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Criticality  la  determined  baalcally  by  the  extent  to  which  a  given  Item 
of  Information  la  related  to  mlaalon  aueceaa. 

The  atatement  of  Infomatlon  requlrementa  and  their  oharacterlatlca 
scrvea  aa  a  gu^e  In  specifying  requlmmenta  for  the  dealgn  of  an 
operationally  efficient  cpnaole.  An  operationally  efficient  cohaol'j 
la  one  which  piravldea  required  Infonnatlon  In  a  form  that  la  maximally 
uaeful  to  the  operator  for  hla  contribution  to  the  aucceaa  of  the  en¬ 
tire  ayatem'a  mlaalon.  The  parUcular  form  In  whloh  Information  will 
be  maximally  uaeful  la  dependent  upon  man* a  eapabllltlea  aa  an  Informa¬ 
tion  receiver,  prooeaaor,  and  tranamltter.  One  muat  aalc,  upon  the 
deolalon  that  the  operator  should  perform  a  given  taak,.  for  example, 
apectrum  analyala,  through  vdMt  aenae  modality  or  what  combination  of 
modalltlea  (vlaual,  aural,  tactual)  should  frequency  Information  be 
presented.  BaslcaUy,  the  inquired  Information  (that  la,  that  upon 
which  the  performance  of  a  given  task  depends)  can  be  used  only  to  the 
extent  that  Its  presentation  la  available  and  meaningful  to  the  operator. . 

The  development  of  particular  displays  and  controls  requires  knowledge 
of  man's  perceptual-response,  Informatlon-prooesalhg,  and  declaloh- 
maklng  characteristics.  Systematically  collected  data  describing  some 
of  man's  respehaes  to  various  foms  of  Information  presentation  are 
available. 

Quldellnes  (for  example.  Human  yactora  Design  Standards  for  the,  Keet 
Ballistic  Mlaalie.  Weapon  System,  196O1  Wtta,  in  Handbook  of  ^perl- 
mehtal  Psychology^  Human  Factors  in  Undersea  -Warfare,  1949 J  and  Havrori 
and  Jenkins,  1961),  idilch  have  been  formulated  on  the  basis  of  such 
data,  have  been  used  In  the  present  console  design  where  applicable 
(Ref.  5.2,7. 4). 

The  analysis  of  information  requirements  was  derived  from  a  survey  of 
the  manuals  available  for  presently  used  sonar  systems  (Ref.  1,6).  An 
att^pt  was  made  to  generalize  detailed  requirements  contained  In  the 
manuals.  Even  within  the  general  framewoiTc,  however,  the  capabilities 


90 


CONFIDENTIAL 


CONFIDENTIAL 


and  limitations  of  the  systems  examined  may  be  reflected .  At  the  time 
the  analysis  was  undertaken,  passive  ranging  and  biasslflcatloh  manuals 
were  not  available. 

'1.6  AREAS  FOP.  CONTINUED  WORK 

It  was  stated  at  the  outset  that  the  surveillance  console  p  'opose.1  was 
intended  to  satisfy  SUBIC  ^  <63  requirements.  The  function,  task, 
and  information  requirement  analysis  was  based  upon  available  but  not 
necessarily  complete  data.  Little  modification  could  be  recommended 
ln>  for  example,  the  area  of  classification,  since  there  was  hot  suf¬ 
ficient  time  to  change  basically  the  present  dlsplay.control  concept. 

In  longirsnge  planning,  however,  a  further,  more  detailed  refine¬ 
ment  of  the  function  and  task  descriptions  should  be  considered. 
Specification  of  at  least  the  following  areas  should  be  undertaken; 

1)  critical  malfunctions 

2)  speed  and  accuracy  with  which  information  must  be  obtained 
'  and  processed 

3)  frequency  of  task  occurrence. 

'U7  DESCP.imON  OF  FUNCTIONS,  TASKS,  AND  INFORMATION  REQUIREMENTS 

A. 7.1  Phase  .1.  inltlal„Search  and. Detection 
Function  1)  Selection  of  search  mode 
Task  lA  (P-D)*  Choice  between 

(1)  active 

(2)  passive 

infoimtloh  Requirement  lA  (P-D) 

(1)  Commanding  oi'flcer's  order  based  upon 

a)  likelihood  of  possible  targets  In  area 

b)  pi-oxlmlty  of  targets 

c)  own  ship  conditions  (for  example,  weapon  cai^blllty) 

d)  ncceasity  or  desirability  of  maintaining  own  security 
*P,*r  PerceptuarfD  =  Decisional 
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Function  2)  Creation  of  search  and  detection  environment  upon  choice 
of  peaalve  mode 

Task  2A  (D-O)*  Choice  of  particular  psssl-ve  search  gear,  If  al¬ 
ternatives  are  available, 

Information  Requirement  2 A  (D-O) 

(1)  Conditions  In  external  environment 

a)  sound  conditions  dependent  upon  sea-state,  temperature, 
etc. 

b)  natural  sounds  present 
o)  position  of  close  land 

(2)  Conditions  In  internal  environment 

a)  own  ship’s  noise 

b)  own  ship's  speed 

c)  own  ship's  depth 

d)  own  ship's  course 

Task  2B  (0)  Activation  of  appropriate  passive  sub-system 
Infonnatlon  Requirement  2B  (6) 

(1)  Condition  of  chcsen  gears  oper8tive>  Inopei'ative, 
malfunctioning 

(2)  Sub-system  Inputs 

a)  own  ship's  speed 

b)  ordered  depressloh/elevatlon  angle  at  which  to  search 
cl  desired  bearing  designation  (TRUE,  RET.) 

F\inctl6n  3)  Isolation  of  signal  representing  possible  target,,  passive 
mode,  and  preliminary  determination  of  contact  bearing, 
depresslon/elevatloh 

Task  3A  ( P)  'Joannlng  for  contact 

Task  3B  (P-D)  Decision  that  contact  Is  present 

*0  B  Operational 
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infomation  Requirement  3B  ( P-D^ 

(1)  significant  change  in  signal  to  noise  ratio 
Task  3C  (OiP^  Estimate  of  target  bearing  and  D/P; 

Infomation  Requirement  3C  (0-P) 

(1)  point  of  maximum  signal  intensity 
Task  3D  fO)  Coding  signal  for  identification  purposes 
Infomation  Requirement  3D  '0) 

(1)  characteristics  (bearing  and  depth)  estimated  from  Task  C 
{2)  available  classification  data 
(3)  time  of  initial  contact 

Function  <0  Transmission  of  bearing  and  depth  Infomation  to  Fire 
Control 

Task  ^tA  fD-0)  Selection  of  data  for  transmission 
Infomation  Requirement  tA  fD^O) 

(1)  obtained  estimates  of  bearing  and  depth 

(2)  accuracy  probability  of  obtained  signals 

Task  (0)  Activation  of  transmitting  equipment 
Infomation  Requirement  iill  o) 

(1)  operative,  inoperative,  or  malfunctioning  condition  of 
gear 

(  ’)  feedback  “iv^m  Fire  Control  denoting  reception  of  signal 
and/or  ;‘oquect  for  additional  infomation 

Function  5)  Creation  of  search  and  detection  environment  upon  choice 
of  active  mode 

Task  5A  (P-D-O)  Selection  of  single  or  continuous  ping  transmission 
mode 

Infomation  Requirement  5A  (P-D-O) 
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(1)  command  to  ping  aotiyeiy 

(2)  specification  of  single  or  continuous  ping 

Task  5B  (P-D-0)  Selection  of  width  of  transmitting  beam  (e.g.,  6®, 
360®,  etc.) 

Information  Requirement  5B  (,P-D-0) 

(1)  command  specification  of  transmitting  beam  width  based, 
upon 

a)  operational  conditions 

b)  most  probable  location  of  contacts 

c)  most  probable  Identity  of  target  (ice,  mlneifleld, 
enemy  submsirlne,  etc.) 

Task  5C  (0)  Activation  of  active  system 
infomatlon  Requirement  5C  ^0) 

(1)  operative,  inoperative,  or  malfunotlonlhg  condition  of 
chosen  aystem 

(2)  desired  bearing  designation  (True  or  Relative) 

(3)  selected  ping  mode,  beam  width  and  search  ir«a 

Function  6)  Isoiaulon  cf  signal  representing  poaslble  target  and  pre¬ 
liminary  determination  of  contact  bearing,  deprcasloh/ 
elevation,  and  range 

Task  6A  (P)  Scanning  for  contact 

Task  6b  (P-D)  decision  that  contact  is  present 

Infonnatlon  Requirement  CB  (P-D) 

(i)  Evidence  of  return  echo  (significant,  o«!v-;eptlble  change 
In  signal  to  noise  ratio) 

Task  be  <0-P)  Estimate  of  target's  bearing  and  d'>pth 
information  Requirement  6c  (QrP) 

(.1)  point  of  maximum  signal  Intensity 


Task  CD  (O-C)*  Estimate  of  target's  range, 
*C  £•  Computational 
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Infortnat-.\on  Requirement  6D  (0-Cl 

(1)  time  or  aetlve  transmission 

(2)  time  of  return  echo 

(3)  difference  between  time  (i)  and  time  fa) 

Task  6E  (O-C)  Estimate  of  target's  speed  and  direction  of  motion 
through  Doppler  technique 

Infomatlqn  Requirement  6E  (O-C) 

(1)  reverberating  pitch 

(2)  return  echo  pitch 

(3)  difference  between  pitch  (1)  and  pitch  (2) 

Task  6h'  ^0)  Coding  of  signal  for  identification  purposes 
Information  Requirement  6k  (0) 

(1)  characteristics  (bearing,  depth,  range,  speed)  obtained 
through  Tasks  6c,  D,  and  E 

(2)  available  oja*-slfloatlon  data 

(3)  time  of  targ;  's  initial  detection 
{^0  source  of  I*  - vfv.iatlon 

Punotlon  7)  Transmlssloti  of  bearing,  depth,  range,  and  speed  informa¬ 
tion  to  Klre  Control 

Task  7A  (D-0)  Selection  of  data  for  transmission 
Information  Requirement  7A  (0^0) 

(1)  obtained  estimates  in  bearing,  depth,  range,  and  speed 

(2)  accuracy  probability  of  obtained  signals 

Task  7B  (0)  Activation  of  transmission  device 
Information  Requirement  7B  <0) 

(1)  operative,  inoperative,  or  malfunctioning  condition  of  gear 
(?)  feedback  from  b'lre  Control  der,  ting  reception  of  signal 
and/or  desire  for  more  Information 
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Phase  li.„.  ClaastflcaUon 

Function  1)  Selection  of  signal  for  classification 

Task  lA  ( P-D)  Selection  of  signal  on  basis  of  C.O.'s  orders 
Information  Requirement  lA  ( P-D) 

(1)  target  priorities  as  detennlned  by  C.O. 

(?.)  standing  orders:  classify  all  targets  upon  detection 

Function  d)  Establishing  classification:  aural  means 

Task  M  (D)  Choice  of  signal  mediating -source: 

(1)  confomal  hydrophone  array 
(a)  test  signal  "store" 

(3)  classification  hydrophone  array 

Task  2B  (D)  Choice  of  position  of  hydrophone  array: 

(1)  bow 

(a)  bow  and  midships 

(3)  bow  and  stern 

{>*)  bow,  midships,  and  stern 

infonnatlon  Requirement  lA  ^D)  and  2B  (D) 

/I)  optimal  array  for: 

a)  given  target  bearing 

b)  estimated  target  range 

c)  target's  operating  condition 

d)  own  ship's  operating  condition 

Task  1C  (0)  Activation  of  chosen  hydrophone  ahray: 

Infonnatlon  Requirement  2C  (O) 

(1)  condition  of  chosen  array;  operative,  InoP'lf-iltlve 
sub-system  '-nputc 

a)  hydrophone  array  position 

b)  signal  mediating  source 
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Task  2p  (r)  Recognition  of  changes  In  target's; 

(1)  loudness 

(2)  quality 

(3)  rate  of  rhythmic  pulsation 
InfoiVnatlon  Requirement  2D  (P) 

(1)  target  signals  dlscrlmlnable  against  background  noise; 
presence  of  rhythmic  propeller  beat 

Task  2E  (P-D)  Classification  of  signals  Into  probable  source 
category 

(1)  light  craft 

(2)  warship 

(3)  cargo  ship 
(it)  surf 

(5)  marine  life 

(6)  mines 

information  Requirement  2E  (P-D) 

(1)  characteristic  screw  sounds  associated  with  ship  categories, 

(2)  characteristic  sounds  associated  with  other  sources,  that 
is,  ambient  noise  produced  by  surf,  weather,  fish,  etc. 

(3)  level  and  characteristics  of  self  noise  from  bow  planes, 
air,  trim  pump,  motor  generators,  own  screws,  rudder,  etc. 

Task  2P  (P-D)  Estimation  of  speed  and  speed  changes  fx'om  turn  or 
beat-coun'clhg 

Information  Requirement  2P  (P-D) 

(1)  dlscrlmlnable  accent  in  rhythm  of  signals  from  tai*get's 
propellers 

(2)  dlscrlmlnable  beats  from  targ't's  propellers 
Function  3)  Determination  of  classification:  visual  and  aural  means 

Task  3A  (D)  -  As  in  Task  2A 
Task  311  (D)  -  As  in  Task  •' 
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Ttsic  3C  (0)  -  As  In  Task  2 

Task  3D  (P-D)  Integration  of  spectral  analysis  to  produce  appro 
prlate  classlficaUon  of  target 

Information  Requirement  3D  (P^D) 

(1)  frequency  spectrvsn  analysis 

(2)  noise  level 

a)  signal 

b)  ambient 

c)  seif 

(3)  hydrophone  arrty  bearing 

(4)  test  signals. 

(5)  reference  Index  of  target  screw  beata,  other  rotating 
machinery  characteristic?)  etc. 

Task  3E  (0)  Coding  of  classified  signal,  for  future  reference 
purpoaes 

information  Requirement  3E  (6) 

(1)  results  of  classification  procedure 

(2)  C.O. 's  ordei'S  on  tsr  vt  coding 

(3)  previous  coding  of  'i  .ghal  In  detection  phase 

Task  3p  (P-b)  Active  transmission  to  Identify  friend  or  foe 
irifonnatlon  Requirement  3P  (P^O) 

(1)  C.O. '8  order  to  Identify  through  single  plhg 

(2)  operative,  Inoperative)  or  malfunctioning  condition  of 
equipment 

(3)  contact  bearing,  depth)  and  estimated  range 
Task  3Q  (?)  Monitoring  for  IFF  signal 

Information  Requirement  30  (P) 

(1)  returned  signal 
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Task  3H  (O-P)  Identifying  friend  through  SESCO  passive  operation! 
reoeptloh  of  SESCO  message  signal 

Infornatlon  Requirement  3H  (0-P) 

(1)  operative,  Inoperative,  or  malfunctioning  condition  of 
equipment 

(2)  source  (C.O.  or  operator)  of  transducer  beam  position 

(3)  expected  bearing  of  contact 
{k)  expected  range  of  contact 

(5)  expected  range  rate  of  contact 

(6)  scheduled  time  of  contact 

(7)  presence  of  acquisition  or  false  alarm  signal 

Task  31  (0)  Transmission  of  signal  classification  data  to  Plre 
Control 

(1)  classified  and  coded  signal  with  available  Information  on 
bearing, range,  range  rate,  time 

(2)  feedback  from  Plj'e  Control  Indicating  reception  of  signal 
and/or  request  for  additional  Information 


•  7 •  2  Phase  III  l.ooallzl!ig.  and  Tracking 
Function  1)  Selection  of  signal  for  precise  localisation 

Task  lA  (P-D)  Choice  of  specific  signal  on  basis  of  command' orders 
Infoimatlon  Requirement  lA  I P-D)  Content  of  command  orders; 

(1)  target  priorities  ("target  threat  evaluation") 

(2)  standing  orders  to  localize  targets  upon  detection  Ir¬ 
respective  of  completeness  of  classification 

(3)  standing  order  to  localize  certain  targets,  dependent  upon 
results  of  classification 

CA)  available  classification  data 

(5)  strength  of  signal  in  relatlos.  to  that  of  other  signals 
which  may  be  present  simultaneously 
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Function  2)  Selection  of  active  or  passive  operating  mode 
Task  2A  (P-D-.O)  Choice  between  active  and  parslve  mode 
Information  Requirement  2A  (P-D-0) 

(1)  command- orders  baaed  upon; 

a)  security  requirements 

b)  criticality  of  accurate  range  Information 

c)  estimated  range  of  target 

d)  tactical  situation 

Task  2B  (0)  Acclvatlon  of  mode  chosen 
Ihfonnatlon  Requirement  2B  (0) 

(1)  operative,  Inoperative,  or  malfunctioning  condition  of 
chosen  system 

(2)  location  estimate  of  previously  detected  signal 

(3)  own  ship  speed 

Function  3)  Uetermlnatlon  of  bearing  and  D/E,  upon  selection  of  passive 
operation 

Task  3A  (P-O)  Locating  detected  tsrgft 
Information  Requirement  3A  (P-0) 

(1)  signal  dlscrlmlnable  from  background  noise 

(2)  deviation  of  receiving  beam  from  contact; 
a)  gross  deviation 

b;  horizontal  (r-1)  deviation  for  bearing 
c)  vertical  (u=d)  deviation  for  D/F. 

(3)  point  of  maximum  signal  intensity 

task  3B  (6)  Coding  of  signal  for  identification  purposes 

(If  signal  not  previously  coded  under  Phase  I) 

Information  Requirement  3D  fo) 

(1)  characteristics  obtained  during  Task  A 

(2)  available  classification  data 
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(3)  time  of  localization 
(^l)  source  of  infohnatlon 

Function  ^t)  Transmission  of  bearing  and  D/E  angle  data  to  Fire  Control 
and  initiation  of  aided  track  In  bearing  and/or  D/E 

Task  itA  (D-0)  Selection  of  data  for  transmission  to  F.C. 

Information  Requirement  i»A  (D-O) 

(T)  obtained  estimates  In  bearing,  and  D/E 
(2)  accuracy  probability  of  obtained  signals 

Task  kB  (0)  Activation  of  transmitting  device 
Information  Requirement  (0) 

(1)  operative.  Inoperative,  or  malfunctioning  condition  of  gear 

(2)  feedback  from  F.C.  denoting  i-eoeptlon  of  signal  or  desire 
for  more  Infomatlon 

Task  ^C  (P-0)  Activation  of  automatic  target  follow  (ATF)  In  D/E 
and/or  azimuth 

Information  Requirement  Ac  (P-O) 

(1)  null  condition  of  deviation  uf  beam  from  contact 
(5)  D/E  and/of  bearing  mark  to  F.C. 

Task  hi'  (f'-O)  Activation  of  generated  target  tracking  (GTT)  In 
azimuth 

Information  Requirement  AD  fP-0) 

(1)  presence  of  sufficient  contact  information  at  F'.O,  to 
generate  target  track 

Function  5)  Detentiination  of  range,  upon  selection  of  passive  operation 
Task  DA  (0)  Activation  of  passive  ranging  equipment 
Information  Requlremert  5A  lO) 

(1)  operative,  inoperative,  or  malfunctioning  condition  of 
equipment 

(1)  condition  of  ambient  'isotropic  and  structure  borne)  noise 
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(3)  vertical  arrival  angle 
(if)  aound  velocity  qualities 

Task  5B  (P-O-G)  Obtaining  range  of  detected  target 

(1)  selecting  sector  of  area  for  range  estabilahmeint 

(2)  aligning  cori^lograms 

Infonnatlon  Requirement  5B  (P-O-C). 

(1)  sector  appropriate  for  passive  tinging 

(2)  presence  of  signal  dlscrimlnable  from  noise  background 

(3)  condition  of  optimised  post-integration  time  and  sweep 
rates 

Function  6)  Transmission  of  range  and  additional  bearing  data  to  F.C. 
Task  6a  {D-0)  Selection  of  data  for  transmission 
infonnatlon  Requli'ement  6a  (D-0) 

(1)  obtained  range  and  bearing 

(2)  accuracy  probability  of  obtained  signal  (perhaps  compared 
with  independent  estimate  of  parameters) 

Task  6b  (0)  Activation  of  transmitting  device 
Information  Requirement  6b  (O) 

(1)  operative.  Inoperative,  vv  inaifunctionlng  of  gear 

(2)  feedback  from  F.C.  Indicating  reception  of  data  or  desire 
for  more  Information 

Function  7)  Detei'mi nation  of  bearing  and  D/E,  and  Range  upon  selection 
of  act! ve  operation 

Task  7A  /P-D)  Choice  of  single  or  continuous  ping  mode 
Information  Requirement  7A  (P-D) 

(1)  content  of  C.O. 's  order  based  upon: 

a)  requirements  of  tactical  "ituatlon 

b)  necessity  of  malntalnil’g  oWh  ship's  position  secrecy 
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Task  7B  {P-C.)  Choice  between  "listen"  mode  or  specific  beam  width, 
for-  example; 

a)  single  beam 

b)  omni  beam- 

c)  tri-beam 

d)  tfi-beam  omni 

Infomatlon  Requirement  7B  (P-D) 

(1)  C.O.'s  order  based  upon  tactical  situation  requirements 
and  need  for 

a)  366”  pulse  for  active  search  and  tracking  (omni) 

b)  long  range  contact,  tracking  for  precise  range  arid  bear¬ 
ing  in  6''  sector  (single) 

c)  long  range  searching  in  iS"  sector  (tri-beam) 

d)  long  range  searching  and  360“  coverage  (tri-beam  omni) 

Task  7C  (0)  Activation  of  chosen  mode 
Information  -Requirement  7C  (6) 

(i)  operative,,  inoperative,  or  malfunctioning  condition  of 
mode  chosen 

(.?)  inputs  appropriate  to  mode  chosen  (detailed  in  alternate 
Tasks  D  through  B*<) 

(Alternate)  Task  7D  (0-P)  Establishment  of  bearing  and  D/E  upon 

choice  of  "listen"  mode 

Infomatlon  Requirement  7D  (O-P) 

(1)  pt'cSciiCe  of  significant  Signol  liy  iiolSe  rctlXo  -  maximum 
bearing  signal  and  maximum  D/E  signal 

(Alternate)  Task  7Dj_  (O-P.)  Establishment  of  bearing  and  range  upon 

choice  of  w;>:ii.j.dlrectional  operation 

Information  Requirement  7D.^  (O-P) 

(1)  appropriate  switch,  pulse  length 

(2)  "range  of  the  day" 
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(3)  algnlf leant  signal  to  noise  ratio  within  selected  range 
(i*)  point  of  maximum  target  signal 

(Alternate)  Task  TD,  (0-P)  Establishment  of  bearing  range  and  D/E 
upon  choice  of  directional  (for  example,  .6" be^- 
wldth  operation) 

Ihfomatioh  Requirement  70^  (O-P) 

(1)  anticipated  range 

(2)  appropriate  pulse  length  and  power  output 

(3)  presence  of  signal  dlscrlmlhable  from  noise  background 
for  initial  bearing 

(i<)  bearing  of  target  obtained  prior  to  Initiation  of  slngle- 
plng  echo-ranging 

(5)  deviation  of  signal  from  range  of  contact  -  return  echo 

(6)  deviation  of  receiving  beam  from  contact  In  D/E 

(Alternate)  Task  70^  (0-P)  Establishment  of  bearing  and  range  and 
D/E  upon  choice  of  directional  operation  (for 
example,  18'^  beamiwidth) 

Information  Requirement  (6-P) 

(1)  appropriate  pulse  length  (ordered)  and  power  output 

(2)  ordered  range 

(3)  ordered  bearing  characteristic  (REL  or  TRUE) 

(l|)  own  ship's  course 

(f/)  bearing  of  sector  to  be  searched  relative  to  own  ship's 
course 

(6)  presence  of  signal  dlscrlmlhable  from  noise  background  - 

retiirn  eciio 

(7)  beam  from  which  contact  was  detected 

(8)  deviation  of  return-echo  signal  from  range  of  contact 
(0)  deviation  of  return-echo  signal  from  contact  d/E 

(Alternate)  Task  7D,,  (0-P)  Establishing  bearing,  range,  and  depth 
upon  choice  of  combined  directional  and  oninl-direc- 
tional  beam  width  (for  example^  trl-beain  omni 
operation) 
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Information  Requirement  7Djj  (0-P) 

(1)  ordered  pulse  length 

(2)  ottered  range 

(3)  own  ship's  course 

(4)  bearing  of  sector  relative  to  own  ship's  course 

(5)  ordered  bearing:  relative  or  true 

(6)  presence  of  signal  dlscrlmlnable  from  noise  background 

(7)  beam  upon  which  target  was  detected 

(8)  deviation  of  return  echo  signal  from  i-ange  of  'contact 

(9)  deviation  of  return-echo  signal  from  contact  D/E 

Punctlo""  8)  Transmission  of  range,  bearing,  and  D/E  data  to  F.Ci  and 
Initiation  of  tracking 

Task  BA  (DiO)  Selection  of  data  for  transmission 
Information  Requirement  8A  iD-0' 

(l)  obtained  data  from  employed  mode  of  operation,  for  example^ 

a)  listen  mode:  obtained  bearing  and  D/E 

b)  omnl  operation:  obtained  bearing  and  range 

c)  single  operation:  obtained  bearing,  range  and  D/R 

d)  tri-beam  operation:  obtained  bearing,  range  and  D/E 

e)  tri-beam  omnl  operation:  obtained  bc£<rlng,  range  and 
D/E 

(  probability  of  accuracy  of  obtained  data 
Task  SD  (0)  Activation  of  transmitting  device 
Information  Requirement  8b  <01 

(1)  operative,  inoperative,  or  malfunctioning  condition  of 
transmitting  device 

(2)  feedback  from  P.C.  control  indicating  reception  of  signal 
and/or  desire  jor  more  mioimat'on 

Task  Be  (P-D-0)  Activation  or  aided  tracking 
Informat.'Oi.  Hequit'enenl  oC  (P-D-0) 
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(1)  type  of  tracking  (range,  bearing,  range-bearing)  dealred 

(2)  sufficient-information  condition  at  fire  control  (range) 

(3)  aufflclent-informatibn  condition  at  computer  ( r«hge‘ and/or 
bearing) 

function  9)  Detennlnatlor.  of  range  rate,  active  operation 
Task  9A  (0)  Activation  of  equipment 
information  Requirement  9A  (6) 

(1)  operative,  inoperative,  or  malfunctioning  condition  of 
equipment 

(2)  water  aallnlty  and  temperature 

(3)  mode  (slngle-plhg  or  continuous)  of  operation  of  active 
equipment 

Task  9B  (P-D,-0)  Selection  or  storing  of  Immediate  display  for 
analysis 

Information  Requirement  9B  (P-D-O) 

(1)  presence  of  target  signal  dlsorlmlnable  from  background 

(2)  obtained  range  of  target 

(3)  specific  display  to  be  stored 
(il)  Identity  (code)  of  stored  signal 

Task  oc  (P-d-C)  Perfomance  of  range  rate  analysis 
Infomation  Requirement  9C  (P-O-C) 

(1)  frequency  of  transmitted  beam 

(2)  deviation  of  frequency  of  return  echo  from  frequency  of 
transmitted  beam 

Function  10)  Transmission  of  range  and  range  rate  data  to  computer  and 
PiC.  for  tracking 

Task  lOA  (D-0)  Selection,  of  data  for  transmission 
Infomation  Requirement  lOA  (D-d) 

(.1)  obtained  range 
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(2)  obtained  range  rate 

(3)  accuracy  probability  of  obtained  parameters  ; 

Task  lOB  (0)  Activation  of  data  transmission  device 

Information  Requirement  lOB  (0) 

(1)  operative.  Inoperative,  or  malfunctioning  condition  of 

equipment  ’ 

(2)  mode  of  operation  (single  or  continuous) 

(3)  feedback  from  computer  or  P.C.  Indicating  reception  of  i 

information  and/or  need  for  more  Information  •; 

4.8  OVERVIEW  OP  PANEL  FACE  DETAIL  DISCUSSION 

The  foregoing  analj'sls  of  functions,  tasks,  and  Infomation  require- 

'  '  e 

ments  contributed  to  the  development  of  the  panel  faces  recommended 

In  this  section.  The  development  was  also  Influenced  by  the  nature  of 

the  mission  assumed  for  sonar  survelllan  se  and  by  the  strong  recommen-  ! 

datlons  from  engineering  personnel  that  certain  types  of  equipment  be  > 

Incorporated  within  the  console.  ( 

In  the  mission  breakdown,  three  phases  were  Isolated;  (1)  initial 
search  and  detection,  (2)  classification,  and  M)  localizing  and  track¬ 
ing.  The  basic  division  of  the  console  Into  operator  stations  was  * 

predicated  on  the  mission  phase  breakdown,  it  was  the  initial  guiding  i 

assumption  that  one  operator  would  be  responsible  for  only  one  of  the  . 

mission  phases.  It  was  not,  however,  ah  assumption  that  the  phases  ) 

would  In  any  sense  be  mutually  exclusive  or  non-overlapping,  in  time, 
indeed,  the  probability  that  considerable  overlap  would  occur  .prompted  i 

a  design  which  would  allow  maximum  transmission  of  Information  from  ' 

operator'  to  operator.  ; 

The  proposed  console  incorporates  five  .stations,  as  indicated  on 

Figures  4-1  Uiru  4-^>.  These  stations  consist  of:  (1)  Initial  detection,  ! 

(?)  frequency  monitoring,  *3)  clasrlflcatlon,  (4)  passive  tracking,  f 

and  f5)  active  tracking.  The  operator's  stations  for  passive  Initial  | 

detection  and  frequency  monitoring  are  located  adjacent  to  each  other,  t 

and  ai-e  bounded  on  the  left  at  a  angle  hy  the  irackliig  stations  and 
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on  the  i'.lght  at  a  angle  by  the  classifluation  station.  The  Initl^ 
detection  and  freouency  monlto  ‘ing  stations  have  been  placed  together 
becauae  the  activities  occurring  at  each  are  complementary.  The  fre¬ 
quency  monitoring  station  accomplishes  the  transition  from  Initial  de¬ 
tection  to  classifications  it  can  pi’ovide  initial  indieotlon  of  a  sigr 
nalj  It  can  confirm  (or  fail  to  confirm)  the  pi’osence  of  a  clgiinl  '*0- 
teoted  elaewntro,  and  3i  c&i  provide  some  refined  spectral  frcquenay 
information  basic  to  classification. 

The  Initial  detection  station  has  been  given  a  relatively  centralized 
position  because  the  accomplishment  of  Its  mlssior  phase  necessarily 
precedes,  the  accomplishment  of  the  other  two  phases,  that  is,  claasis 
flcatloh  .and  localization  of  a  specific  target.  Nevertheless,  the  first 
mission  phase  is  continuous  and  concurrent  with  the  other  two  .phases 
with  respect  to  the  mission  as  a  whole. 

The  classification  station  has  been  placed  to  the  right  of  the  Initial 
detection  and  frequency  monitoring  stations  because  the  utilization  of 
Identical  information  (frequency  data  and  bearing  data  Integrated  over 
a  period  of  time)  contributes  to  the  success  of  both  mission  phases. 

The  stations  assigned  to  localization  tasks  which  are  dependent  upon 
detection,  but  not  necessarily  upon  classlficstlon,  are  located  at  the 
left  of  the  Initial  detection  sthtloh..  The  passive  station,  which  will' 
be  used  undermost  ndftnal  conditions, ^  is*  at  the  direct  left.  TOe  ac¬ 
tive  tracking  station,  which  also  provides  active  search  and  oommuhl- 
catlons,  la  at  the  far  left  of  the  console,  in  close  pTOXlmlty  to  the 
Fire  Control  console.  The  five  stations  are  described  individually 
below. 


i»,9  PASSIVE  mtlAb  DETECTION' STATION  (Fig.,  i'-l,  h-.Z) 

At  the  initial  iJeteotioh  Station  it  is  the  operator's  prlttory  respon¬ 
sibility  to  isolate  sigr>9ls  from  background  noise.  Having  perceived 
what  he  considers  to  represent  a.  signal,,  the  ojjerator  proceeds  to  don- 
fira  the  signal  characteristics  and'  to  establish  the  signaled  bearing 
and  depresslon/elevatlor  a.s  well  as  he  csn., 
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The  present  paper  assumes  that  passive  sonar  equipment  (for  example, 
a  preformed  beam  system)  will  be  of  primary ’importance  in  the  initial 
detection  phase,  although  other  equipment  may  alpjO  provide  data  use¬ 
ful  for  initial  detection,  inltlsl  detection  signals  can  be  provided 
by  the  spherical  array,  if  nece3,ary.  The  DIMUS-type  system  will  be 
capable  of  providing  data  from  both  broad  and  four  selected  fixed-  fre-r 
quenoy  bands.  Moreover,  the  assumed  system  provides  the  capability 
for  selecting  post-detection  integration  intervals,  continuous  360° 
detection,,  and  statistical  testing  for  signal  presence. 

The  initial  detection  station  is  approximately  35  Inchfes  in  width. 

Its  vertical  dimensions  are:  header  panel,  15  inches}  upper  panel, 

12  inches}  middle  paneli  22  inches}  and  bottom  panel,  10  Inches.  The 
upper  panel  is  tilted  20°  toward  the  seated,  operator  and  the  middle 
panel  la  positioned  10°  away  from  the  seated  operator,  The  viewing 
angles  relative  to  the  upper  and  middle  panels  are  well  within  the 
tolerances  of  the  seated  operator, 

t.9.1  Controls  and.  Dlapia.vs  on  Passive . Initial , Detection -Panel 

Ihe  controls  and  displays  listed  below  appear  at  the  initial  detection 

atal.ioh. 


Upper.  Panel 

1)  Signal  Level  Meter 

:;)  Two-p6s<ti6n  SUM/DIFF  Switch 

3)  S.ohar  Intercept  Displays 

m  •  s.  •••«# 

b)  Beaming  Indicator 
h)  Sonar  Intercept  Controls 

a)  On,  autonatic,  manual,  and  sensitivity  pushbuttons, 

b)  Audio  reset  and  video  reset  lighted  pushbuttons 

c)  Dimmer  and  gain  control  knobs 

5)  Digital  Readout  Indicators  for  own  ship's  time,  RPM*  depth, 
course,  and- sea  state. 


113 


confidential 


CONFIDENTIAL 


Middle  Panel 

1)  Warning  Indicator  Lights  for  Water,  Interlock,  Battle  Short, 
Excess  Duty,  and  Regulator  Off 

2)  On-off  Indicator  Lights  for  the  Major  Sonar  Equipment 

3)  Signal,  Ws^spon  Alarms  -  Indicator  Lights 
^)  Relative  and  Unstablllted  Indicator  Lights 

5)  Major  Initial  Detection  Display  -  9-lnch  x  12-lhch  CRT 

6)  CRT  Adjustment  Knobs  for  Gain,  Focus,  Scale.  Illumination,  and 
Intensity 

7)  Other  Controls  for  Initial  Detection  CRT 

a)  integration  time  selector  switch 

b)  Statistical  teat  selector  switch 

c)  Pull  test  display  pushbutton 

d)  Frequency  back-lighted  pushbuttons  and  associated  "sequence" 
and  "compare"  pushbuttons 

u)  D/E  back-lighted  pushbuttons  and  assoclited  "sequence"  and 
"compare"  pushbuttons 

8)  Digital  Readouts  for  Target  Number j  Bearing 

9)  Frequency  Spectrum  Shaper,  a  6-lhch  x  ^-Inoh  CRT 

10)  Pushbutton  for  erasing  display 

11)  Pantograph 

12)  Focusi  Intensity,  scale  Illumination  and  gain  control  knobs 

13)  Selector  switch  for  choosing  between  spherical  con^ehsators 
and;  DiM’Js  for  iD 

LowerjPanel 

l)  Pushbuttons  for  oh,  auto,  fnanuai,  raw,  stored  data,  and 
knob  for  cOhtrdillng  gain, 


lin 


CCNFIDENTIAL 


CONFIDENTIAL 


2)  GTT  enter,  GTT  up-date,  and  GTT  erase  pushbuttons 

3)  Bearing  (audio  and  video)  finger  wheels 
Audio  attenuation  and  ICS  gain  control  knobs 

5)  Intensity  control  knobs  for  audio,  video,  and  stern  cursors 

6)  Selector  switches  for  search  rate,  video/audio  slave,  auto,' 
manual  search 

7)  Readout  pushbuttons  for  broad-band  raw,  broad-band  processed, 
and  fixed-band  raw 

8)  Phone  Jacks  for  ICS,  mike^  2  sonars 

9)  Digital  keyboard,  keyboard  readout,  "next  number"  readout, 
deaf  pushbutton 

10)  Pushbuttons  for  entering  assigned  contact  number  and  erasing 
contact  number 

11)  Pushbuttons  for  initiating  ATP  and  marking  manually 

i).9.2  Description -of-Prlncipal.. Displays-  and  .Operations 
The  major  initial  detection  display  is  a  9-ifch  by  i2-inch  CRT  which 
presents  usimuth  infuriiiation  along  like  x-axis  With  signul  strength 
defioetad  vertically.  The  s'ope  is  divided  into  two  sweeps,  the  upper 
providing  the  pre.sentatlon  of  broad  band  information  and  the  lower  the 
presentation  of  Information -from  four  fixed  bands.  Information  from 
both  broad  and  fixed  band  (scanned  sequentially)  sources  appears  sim¬ 
ultaneously,  since  it  is  possible  that  a  signal  niay  be  detected  in¬ 
itially  on  either  the  broad  or  narrow  band.  In  broad  band,  a  con¬ 
tinuous  statistical  test  is  automatically  scanned  through  the  raw  data 
and  the  results  are  displayed.  The  operator  may  select  the  type 
(that  is,  X^,  weighted  mean,  or  other)  of  test  he  wishes  to  employ; 

The  results  of  the  test  are  displayed  in  a  "window",  which  moves  across 
the  face  of  the  scope.  The  use  of  the  ’.;indcw  serves  to  avoid  "clutter" 
which  might  result  from  the  display  of  the  test  at  all  bearings  simulr 
taneously.  it  is  possible,  however,  for  the  man  to  order  the  test  to 
be  displayed  across  the  entire  range  of  the  sweep  by  depi’essing  the 
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"Full  Test  Display"  pushbuttotii  A  signal  is  indicated  by  a  pronounced 
peak  over  a  given  bearing  sectori  The  peak  persists  for  a  period  of 
time  equal  to  the  repetition  rate  of  the  sweep. 

The  operator  is  able  to  select  either  "auto  scan",  a  mode  in  which 
each  of  three  possible  integration  times  is  scanned  automatically  in 
succession,  or  specifically,  one  of  the  three  integration  times  for 
continued  data  presentation. 

Having  established  the  presence' of  a  signal  on  the  broad  band,  the 
operator  proceeds  to  determine  the  bearing  of  the  signal  by  positioning, 
a  cursor  over  the  bearing  sector  to  be  refined.  He  aocompllsnes  this 
action  by  rotating  a  finger  wheel.  Subsequently,  he  can  select  the 
"best"  D/E  angle  (that  is,  D/E  at  which  the  signal  is  strongest),  at 
which  to  listen  by  depressing  a  D/E  compai'e  pushbutton.  Normally, 

D/E *3  are  being  scanned  sequentially  and  the  D/E  sequence  pushbutton 
is.  depressed.  The  "best"  D/E  is  indicated  by  the  lighting  of  one  of 
three  backrllghted  pushbuttons.  Having  estimated  bearing  by  aligning 
the  cursor,  and  D/E  by  depressing  the  D/E  c6it9>are  pushbutton,  he 
proceeds  to  obtain  bearing  readout  based  upon  e.ither  raw  or  statistically 
processed  data.  Readout  pushbuttons  for  raw  and  statistically  processed- 
data  are  provided  oh  the  lower  panel. 

Contact  numbers  are  assigned  manually  by  che  operasori  If  not  already 
on  the  contact,  the  initial  detection  operator  aligns  his  video  cursor 
to  the  contact  ho  wishes  to  number.  He  observes  his  "next  number" 
readout  to  determine  what  number  should  be  assigned;  He  selects  the 
appropi'iate  riuruber  from  the  keyboard  and  checks  the  keyboard  readout. 

He  than  enters  the  selected  number  by  depressing,  the  "assign  contact, 
number".  This  action  results  in  the  simultaneous  assignment  of  a 
contact  number  and  a  tick  iiiark  below  the  scale  at  the  top- of  the' 
display; 


When  the  operator  wishes  to,  transmit  the  initial-  detection  data  to 
Fire  Control,  he  depresses  the  ATP  pushbutton.  The  symbol  for  ATP 
is  a  ring  widch  surrounds  a  dob.  If  ATP  is  occurring,  the  dpt  will 
resiain  centered  in  the  ring.  If  the  dot  is  not  centered j  t.he  operator 
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terminates  ATP  by  initiating  QTT.  When  he  wishes,  to  maintain  rough 
track  at  the  ihltiai  detection  display  via  OIT,  he  aligns  his  cursor 
to  the  appropriate  bearing  and  depresses  the  "GTT  Initiate"  pushbutton, 
faring  information  can  be  transmitted  to  fire  control  by  means  of 
the  "mark-manual"  pushbutton. 

The  presence  of  a  signal  may  be  initially  perceptible  on  the  fixed  band 
display  in  the  lower  sweep  of  the  scope;  Normally,  the  four  fixed  bands 
are  scanned  sequentially;  if  a  signal  is  detected  on  the  narrow-  band 
display,  the  operator  can  order  a  comparison  of  frequency  bands  to 
obtain  Che’  optimum  listening  frequency  band  at  the  bearing  of  the  cursor. 
The  bearing  sector  to  be  investigated  is  selected,  as  with  the  broad 
band  display,  by  positioning  a  cursor  with  the  video  finger  wheel. 

The  best  listening  D/E  for  the  particular  bearing  sector  to  which  the 
cursor  is  positioned  may  also  -be  obtained  by  depressing  the  D/E  compare 
pushbutton.  The  bearing  readout  derived  from  fixed  band  information  is 
obtained  in  a  manner  iaehtical  to  that  employed  with  broad  band  infor¬ 
mation,  At  the  initial  detection  station;  moreover,  the  operator  may 
choose  a  particular  D/E. angle  and  also  a  fixed  band  for  scanning  pur¬ 
poses,  if  he  wishes,  by  depressing  the  appropriate  back-lighted  push¬ 
button. 

The  ini tjal  detection  station,  as  noted  previously,  also  has  the  cap¬ 
ability  for  gross  target  tracking.  Under  norinal  operating  conditions; 
gross  target  bracking  is  maintained  on  the  initial  detection  display 
automatically;  however,  appropriate  controls  arc.  also  provided  for 
manual  back-up;  If  the  operator  wishes  to  maintain  a  gross  track 
manually  on  a  given  signal  which,  has  moved,  he  positions  his  cursor 
on  -ymbql  of  the  original,,  marked  bearing  line  of  the  signal  and 
depresses  the  GTT  update  pushbutton,  which  lights.  He  then  re-alighs 
his  cursor  to  the  new  position  and  depresses  the  GTT  update  pushbutton 
a  second  time.  The  second  depression  results  in  the  extinguishing  of 
the  light  and  gene'^atlon  of  new  bearing  rrte  for  the  updated  symbol. 

When  a  rough  track  is  initiated,  a  horizontal  line  is  superimposed 
over  the  newly  positioned  target  symbol  tO  form  a  cross;  The  target 
number  is  automatically  reposltiOned. 
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The  paeslve  Intial  detection  display  is  flexible  in  that  It  permits 
utilization  of  information  from  broad  and/or  fixed  band  frequencies. 
Target  number  coding  is  done  manually  in  sequential  order,,  but  the 
obtained  target  data  with  the  appropriate  target  numbers  are  presented 
automatically  to  the  tracking  stations.  Target  data  can  be  sent  to 
Fire  Control  by  means  of  the  AW  or  inanual  mark  capability, 

The  initial  detection  station  also  provides  warning  indicator  lights 
(for  example,  "battle  short,"  excess  duty,"  etc.)  power-on  pushbuttons, 
and  soiiar  intercept  displays, 

The  operator's  controls  for  his  .aural  displays  (earphones)  are  located 
both  at  the  right  of  the  Ihltlal  detection  display  and  on  the  lower 
panel.  The  operator  can  accomplish  audio  frequency  spectrum  shaping 
by  adjusting  frequency  dlstrlhutloh  as  presented  on  the  CRT  at  the 
rij^t  of  the  major  display..  He  can  essentially  "write"  a  spectrum 
shape  on  the  CRT  by  using  a  pantograph.  Associated  controls,  for 
erasing  spectrum  patterns  are  present,  Brow.d  band  input  my  be  so 
shaped. 

Switches  for  selecting  auto  or  rahual  audio  search,  search  rate, 
vldeo/audlo  slave,  a.s  well  as  knobs  for  audio  attenuation,  ICS  gain, 
and  cursor  intensity  have  beer,  provided;  in  automatic  :8oah,  the  audio 
display  presents  contlhous  scanning  of  all  bearings,  if  the  operator 
wishes  to  control  audio  scanning  manually,  he  increases  the  gain  of 
the  audio  cursor,  presented  on  the  CRT,  and  controls  its  position 
by  means  of  the  audio  cursor  finger  wheel.  Normally  the  video 
cursor  is  slaved  so  che  audio  input  with  respect  to  bearing  search. 
However,  the  video  can  be  operated  independently  if  the  "manual  video" 
position  of  the  switch  is  chosen. 

Located  in  the  lower  right-hand  corner  of  the  lower  panel  are  controls 
for  making  awal  comparisons  of  raw  data  (containing,  "suspected"  .sig¬ 
nal)  and  stored  data,  (noise,  pre-recorded  under  no-signal  conditions). 
The  sources  of  sound  can  alternate  at  a  pre-set  rate  in  the  automatic 
mode  or  can  vary  at  a  rate  set  by  the  operator  who,  manually  adjusts 
(by  means  of  pushbuttons)  the  duration  of  each  source  of  data. 
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ij.lO  FREQUENCY  MONITORING  STATION  (Fig.  'l-3) 

At  the  frequency  monitoring  station,  a  signal  may  be  detected  for  vhe 
first  time  or  a  suspected  signal's  presence  may  be  confirmed.  The 
frequency  monitoring  station  Is  appi'oximately  inches  In  width.  The 
other  dimensions  conform  to  those  given  for  the  li.ltlai  detection 
station. 


ij.lO.i  Controls.' and  Displays  at.  Frequency  Monitoring  Station 

The  following  displays  and  controls  have  been  placed  at  the  frequency 

monitoring  station: 


Upper,  Panel 

1)  Bearing  Time  Recorder 

2)  Bearing  Time  Recorder  Controls 

a)  ON  pushbutton 

b)  Time  Integration  selector  switch 

c)  Indicator  lights  for  relative  or  unstabilized  operation 

d)  Knob  for  selecting  D/E  angle  to  be  searched 

e)  Paper  advanoe/speed  selector  switoh/pushbutton  combination 

f)  Spherlcal/DIMUS  system  selector  switch 

g)  Gain  control  knob 

3)  Status  Board 

Middlii,  Panel 

iT  f| -channel  Demodulatioh  (DEMON)  recorder 
s)  h-channel  BSM  Recorder 

Lower  .Panel 

1)  D^ON  Controls 

a)  ON  pushbutton 

b)  internal  Marker  Pushbutton 

c)  Gain  adjustment  knobs  for  each  of  channels 

d)  Knob  for  contnji  of  bearing 

e)  Selector  switches  for  paper  rpeed,  scan  fate,  D/E 
system  (sonar  hydrophones),  local/lD  slavt,  aid  auto/tiah 
search 
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2)  BSM  Controls 

a)  ON  pushbutton. 

b)  Internal  marker -pushbutton 

c) .  Gain  adjustment  knobs  for  each  of  ii  chahheis- 

d)  Rotary  selector  switch  for  frequency  band-width  control 

e)  Knob  for  control  of  bearing 

f)  Selector  switches  for  paper  speed,,  scan  rate,  D/E, 
system  (sonar  hydrophones).,  16cai/ID  slave,  and  auto/man 
search 

3)  Noise  Compare  Controls 

aj  Compare  on  pushbuttons,  for  audio  and  recorder  comparison 

b)  Auto/manuai  selection  pushbuttons  for  recorder  compare 
and  for  audio  compare 

c)  Pushbuttons  for  controlling  source  of  noise,  either  raw. 
or  stored 

d)  itoob  for  adjusting  :galn 

e)  Rotary  switch  for  selecting  channel 

f)  Switch  for  seiectihg.-pijace  of  presentation:  D^ON,  BSM 
dr  both 

k)  Controls  for  Tape  Recorder 

a)  Channel  selector  switch 

b)  Audio  sonar  system  input  selection  Switch 

c)  Tape  indicator 

d)  Pushbuttons  for  selecting  "on,"  "play-back,"  "record," 
and  "rewind" 

5)  Phone  jacks 

^ilO.2  Operation,  of  .Freduehc.v.,M6hitorlhg  Station 
The  operator,,  through  frequent  monitoring^  may  detect  a  signal  on  any 
of  the  recorders  located  at  the  Frequency  Monitoring  Statipn,.  so  named 
because  the  two  major  displays  (DEMON  .arid  KM):  h«vr  frequency  and  time 
as  their  coordinates.  The  other  display  (upper  panel).,  from  which  a 
signal  may  also  be  detected,  has  bearirig  and  time  as  its  cddrdinates. 
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With  the  Beai'lng  Time  Rocordoi*,  the  oporatoi’  is  provided  with  controls 
for  selecting  integration  time  and  D/E  angle  to  bo  searched.  The 
operator  can  observe  the  development  of  a  trace  (which  confirms  the 
presence  of  a  signal)  on  either  the  Bearing  Time  Recorder  or  the  fre¬ 
quency  versus  time  displays  on  the  middle  panel.  The  frequency  spec¬ 
trum  of  the  noise  source  is  presented  on  the  upper  , display.  This  re¬ 
corder  scans  through  360°  in  bearing  automatically,, if  it  is  under 
local,  automatic  control.  The  particular  bearing  being  investigated 
at  a  given  time  is  Indicated  by  the  fourth  channel  of  the  recorder. 
Each  of  the  other  three  channels  presents  one  band  of  frequency  data; 
If  he  wishes,  the  operator  may  position  his  cursor  over  one  particular 
bearing,  select  a  D/E  angle,  and  thus  initiate  the  examination  of  the 
frequency  spectrum  at  that  particular  beam,.  Provision  is  also  made 
for  control  at  the  Initial  Detection  display.  If  I.D.  slave  is  in 
effect,  frequency  data  from  the  contact  at  which  the  I.D.  bearing 
cursor  is  aligned  will  bo  presented  on  the  BSM  and/or  DEMON  recorders. 

The  displays  may  also  be  used  for  a  visual  comparison  of  raw  data 
suspected  to  contain  a  signal  and  stored  data  which  is  known  to  be 
signal-free.  The  noise  compare  controls  provide  cither  automatic 
(pro-set  rate  of  alternation  between  raw  and  stored  data)  or  manual 
selection  of  presentation  rate.  Dy  operating  pushbuttons  the  operator 
may  prolong  the  presentation  of  raw  or  stored  data  to  whatf-vf-r  extent 
ho  wishes.  Stored  data  are  limited  to  about  permutations  of  en¬ 
vironment  conditions. 


The  Band  Shift  Modulated  display  provides  a  nai’row  band  frequency 
analysis  of  higher'  frequency  bands.  Its  operation  is  similar  to 
that  of  the  DEMON  display,  although  the  operator  selects  the  band- 
widths  to  bo  displayea.  The  operator  may  adjust  the  gain  on  each 
of  the  four  channels;  and  may  alter  paper  speed,  scan  rate,  D/E  angle, 
and  source  of  d.ata. 


Also,  located  at  the  Fi'equoncy  Monitoring  Station  are  the  necessary 
remote  conti'ols  for  operating  the  tape  recorder  for  both  recording  ana 
play-back  pui-posor.  This  I’ocoi’der  may  be  used  for  calibration  and 
checkout  functions  as  well  as  for  I’cviewlng  past  events. 
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4;ll  CLASSIFICATION  STAIJION  (Fig.  A-.‘!) 

The  total  classlt'lcatlon  phase  oi’  the  surveillance  mission,  incorpora¬ 
ting  both  actively  and  passively  collected  data,,  involve.'-,  aural  and/or 
visual  discrimination  of  many  signal  char.ac tor i,s tics.  Such  character¬ 
istics  include  frequency  distribution,  loudness,  rate  of  rhythmic 
pulsation,  target's  shape,  aspect,  motion,  and  depth.  Targets  c.ir.  be 
classified  as  friend  or  foe  and  as  certain  types,  that:  is,  light  craft, 
warship,  cargo. 

4,11.1  Controls  and . Displays  at  Classification. Station 

The  classification  station,  which  is  36  Inches  In  width,  contains  the 

following  controls  and  displays; 

Upper  Panel 

1) .  Sonar  Performance  Computer  (USN  Underwater  Sound  Laboratory 
specifications). 

2)  Classification  Recorder  Controls 

a)  Meter 

b)  Pushbuttons  for  IJ'  In,  calibration,  normal,  and  playrback 
operation 

c)  Power  supply  Alarms  -  indicator  lights  fof  bow,  mid,,  stern, 
-30  V  and  -50  V 

d)  DC  tost  selector  switch 

0)  1-channcl  .selector  switches,  1  for  channel  1  and  1  for 

channels  j,  and  d 

]')  Selector  switch  for  time  mai.-k 

g)  bn,  off,  standby,  and  operate  pushbuttons 

li)  Selector  switch  for  auto/raanual  scan 

i.)  .Scan  rate  selector  sWi.tch 

J.)  b/E  angle  selector  switch 

k)  Rotary  knob  for  controlling  bearing 

i)  LooaVDIMU.S  .slave  control  selector  switch 
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Middle  Panel. 

l)  i4-ohanncl  Classification  Paper  Rooordor 

Lower  Panel 

1.)  Writing  and  Storage  Space 

a)  Contact  Identification  Controls 

a)  10  digit  olassiricacion  keyboard  with  digital  readout 

b)  Clear  keyboard  pushbutton 

c)  Select  contact  number  pushbutton 

u)  Contact  data  complete  pushbutton 

e)  Pushbuttons  for  entering  maximum  speed,  minimum  speed, 
speed  error,  computed  speed,  range  estimate,  port  AOB 
and’  starboard-  AOB 

f)  Center  frequency  and  band-width  pushbuttons 

g)  Pushbuttons  for  identifying;  marine  life,  consort; 
friendly,  enemy,  unknown,  llghtcraft,  light  warship, 
heavy  warship,  light  cargo,  loaded  cargo.  Surfaced 
submarine.,  snorkelling  submarine,  submerged-  submarine, 
diesel,  turbine,  reciprocating. 

Soscrlptlon  of  Classification. Station 
There  is  one  major  visual  display  at  the  classification  station.  This 
display  ''oes  not  necessitate  the  hear  constant  monitoring  required  at 
the  initial  detection  or  frequency  monitoring  station.  Classification 
will  not  be  dependent  upon  the  operator's  directing  a  major  portion  of 
i  ime  1.0  Liiis  specific  display,  but,  in  contrast,  will  roly  upon  his 
Integrating  a  combination  of  inputs  from  various  sources.  At  bent, 
the  combination  of  cues  t;lll  result  in  a  decision  having  a  high  prob¬ 
ability  of  accuracy.  The  decision  will  bo  based  upon  a  comparison  of 
rensea  target  eharaeterlotlcs  and  known  roforcnco  characteristics. 

Although  "classiflcaticn"  information  can  be  obtained  as  a  result  of 
active  pinging,  the  latter  method  wHl  be  controlled  exclusively  at 
the  active  station.  It  is  as.sumod  that  active  pinging  will  seldom  be 
used  primarily  fer  elausifica.llon  purposes; 
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The  principal  controls  and  displays  provided  at  the  clasclflcatlon 
station  are  similar  co  those  previously  recommended  for  the 
(SS(N)593)  class  submarine.  The  equipment  functions  passively  to 
sense  and  analyze  the  frequency  spectrum  of  waterborne  ;  '  iv.  waves. 

The  princljjal  display  la  the  permanent  record  of  the  oprr  lum  analysis, 
provided  by  electro-sensitive  paper.  The  paper  also  snpp'-'e.s  a  record 
of  hydrophone  array  headings  and  specific  ambient  band-width  noise 
levels  as  a  function  of  time.  The  noise  level  Indication  aids  the 
establishment  of  detectability  threshold  and  classification  validity. 

Target  classification  Is  accomplished  by  comparing  the  recorded  spec¬ 
trum  analysis  to  data  from  a  "library”  of  target  characteristics. 
Classification  Is  further  aided  by  the  presence  of  audio  displays 
(head-phbhes )  which  supply  Indications  of  loudness,  pulsation  rate, 
etc, 

Basic  classification  laforn^atlon  with  proper  target  identity  number 
may  be  relayed  to  the  tracking  stations.  If  the  sonar  supervisor 
Initiates  classification  proceedings,  the  operator  selects  the 
Initial  detection  (DIMUS)  position  of  the  slave  selector  switch.  His 
equipment  then  automatically  processes  signal  data  on  the  bearing 
of  the  contact  established  at  the  Initial  detection  station.  The 
correct  bearing  Is  that  at  which  the  video  cui-sor  on  the  Tritial 
Detection  display  is  located.  The  classification  or  frequency 
monitoring  operator  may,  however,  exercise  local  control  over  the 
bearing  to  be  Investigated  by  positioning  ti>e  switch  to  "local," 

When  the  operator  wishes  to  transmit  ihformatioh  oh  t.ho  charactorlstlCB 
of  a  target j  he  selects  the  contact  number  via  the  keyboard  and  de¬ 
presses  the  "select  contact  number"  pushbutton.  He  then  depresses 
the  buttohs  appropriate  for  whatever  data  he  wishes  to  Insert.  When 
he  completes  his  entry  of  informationj  he  again  selects  the.  contact 
number  from  the  keyboard  and  depresses  the  "contact  data  complete" 
pushbutton  to  temlnatc  Inputs  for  the  particular  contact. 


12i( 


CONFIDENTIAL 


CONFIDENTIAL 


Also  Included  at  the  classification  station  is  the  capability  for  making 
and  playing  back  tape  re  ordings. 

The  classification  station  contains  the  SONAR  PERFORMANCE  COMPUTER, 
developed  by  the  USN  Underwater  Sound  Laboratory.  Own  chip  noise 
level  and  cavitation  Indications,  as  well  as  sonar  flgure-6f-merit, 
are  outputs  of  the  computer. 

i».12  L0CALI2A'EC0N  AND  TRACKING  STATIONS  (Fig.  4-5) 

iKJcalizatlon  of  a  target  is  a  process  leading  to  a  precise  determination 
of  a  target's  present  position:  the  target's  distance  from  the  de¬ 
tecting  ship,  his  spatial  directibh  (bearing),  and  his  depth.  The 
process,  moreover,  provides  additional  information  from  which  a  tar¬ 
get's  future  vocation  can  be  predicted. 


The  station  directly  at  the  left  of  the  initial  detection  station  has 
been  designed  for  accomplishing  the  function  of  passive  localization 
and  tracking.  The  station  has  the  capability,  however,, 
for  active  operation  if  necessary.  This  station  will  be  the  primary 
station  in  use  under  normal  watch-standing  conditions.  This  station 
is  30  inches  in  v.idlh  and  Is  located  a  angle  with  reference  to  the 
initial  detection  station. 


'1.12.1  Controls  and.  Displays. at..L6,calization  and, Tracking  Station 
The  following  controls  and  displays  are  located  on  the  several 
panels  of  the  passive  localization  station. 

Upper„Panel 

1)  6-inch  X  U-lnch  auxiliary  CRT  for  manual  passive  ranging; 
can  be  function-shared  for  active  range  and  range  rate  analysis, 
and  SSI  presentation;  function  selector  switch 

2)  CRT  control  knobs  for  adjusting  focus,  gain,  intensity,  and 
scale  illumination 

3)  Bearing  and  D/E  pushbuttons  for  use  with  SSI 

'!)  Signal  Level  Meter  and  sum/dlff  selector  switch 
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Middle  Panefl 

1}  Digital  readouts  of  tar-get  number,  bearing,  fi/E,  range,  and 
range  .rate  for  the  ccmpensaidrs 

2)  Major  CRT  for  passive  tracking  (function- chared  for  pasclve 
range,  active  track,  passive  detection)  and  scope  function 
selector  switch 

‘5'),  CRT  control  knobs  (same  as  those  Hr  2)  above, 
t)  RLI-Ubi  Si-nslfcivity  Pushouttdh 

Compensator  ahd  symbology  puohbuttons  for  active.,  passlvCj 
ATP.i  and  GTT  operation 

6)  Blli  indicator  light 
7.)  Passive  n'ange  :p!.>shbutt6n 

8) .  Store  pushbutton 

9)  Relative  and  uns  laXlized  indicator  lights 

10)  Displayed  data  selector  switch  (all  tracks,  refined  tracks) 

11) .  Readout  and  mark -puslihuttons  i'dr  bearingj,  b/E,  range  rate, 
and  i-arige  (manual  and  autdmtie  V 


Lower  Panel.. 

1)  Track  .ball 

2)  Track  controls;  ■'Enter  Track  and  Erase  Track  pushbuttons 

3)  Audio  Controls 

aj  Center  fresiucncy  Bclector  switch 

b)  Band  width  .selector  switch 

c)  Audio  attenuation  k'-ob 
■d)  ICS  gain  knob 

e)  Ldcal/conipute*-  l/computcr  2  audio  frequency  selector  switch 
h)  Phone  Jacks 


■i2o 


CONriDENTlAL 


CONFIDENTIAL 


5)  Passive  Ranging  Confci'ols 

a)  Main  scope;  knobs  for  controlling  horizontal  gain, 
horizontal  position,  vertical  gain,  vortical  position,  trace 
separation 

b)  Upper.oSoope-!  knobs  for  controlling  vertical  gain  A, 
vertical  gain  B,  vertical  sepai'abion,  vertical  centering, 
sweep  length 

c)  Pushbuttons  to  select  upper  or  lov;er  sweep  for  track  ball 
control 

d)  Port  aud  starboard  selection  pushbuttons 

It .,12. 2  Operation -Of. -Passive, ,Traoklng.  Station 
it,  will  be  recalled  that  upon  belection  of  OTO  at  the  Initial,  de¬ 
tection  station,  a  symbol,  representing  the  target,  can  be  automatic^ 
ally  entered  on.  the  passive  localization  station  display. 

The  main  display  upon  which  target  data  are  entered  consists  ot  a  C 
scope,  bearing,  unu  B/E  j'epresentrq  by  the  .x  and  y  axes,  respectively. 
The  signal,.  Identified  by  il"'  sequential  number.,  Is  displa.ybd  as  a 
cross  (+)  wheii  being  trackoc  grossly  at  the  initial  dsboctlpn  display. 
To  proceed  with  .precise  localization  and  tracking  the  operator  must 
"icok-on"  to  the  target  provided  by  the  initial  detection  statio.n; 

He  accompli siios  this  procedure  by  (l)  depressing  the  appropr'iato 
compensatoi*  selector  pushbutton,  (2 1  positioning  a  ring  reprcsen..ing 
the  compensator  arouiid  tnc  cross,,  a.'iU  1$)  dopress'rig  the  enter  track 
pushbutton.  {Ti'.e  cross  la  replaced  b,v  a  dot  whsn  t.^ackin?  is  assumed 
by  the  spherical  system.) 

It  is  assumed  that  tracking  will  require  the  training  of  ouo  of  thi-ee 
mechanical  4-oropen: utors  on  the  target.  The  display  pi ov ides  a  means 
to  euabli.  the  uperaior  tv  3en.se  any  deviation  of  the  compensator  posi¬ 
tion  from  that  of  the  maximum  signal.  Tiie  operator  nulls  any 
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deviation  by  using  a  track  ballj  centered  in  the  iow^r  panel  to  posi¬ 
tion  the  ring  which  rcprosents  the  coinponsfu^or  around  tlio  dot  which 
incorporates  BDI/UDI  inrormation. 

Vfhsn  any  bearing  ahd/or  D/E  error  between  the  compensator -and  the  tar¬ 
get  has,  been  hulled,  the  operator  may  push  "Read  out"  pushbuttons  for 
a  digital  readout  of  bearing,  and  D/E.  The  digital  readouts j  located 
above  the  display,  also  provide  the  Idohtlfloatioh  of  the  compensator 
(Ij  2,  or  3)  with  which  a  given  target  la  being  tracked.  Each  set  of 
readouts  should,  be  color-coded  for  maximum  dlfferentiatldru  If,,  after 
the  nulling  of  deviations,  Automatic  Target  Pollowing  (ATF)  is  in-, 
Itlatftd,  continuous  digital  I’eadonts  of  bearing  and  D/E  will  be  dis¬ 
played  and  marked  to  .Fire  Controls 

It  is  possible  to  obtain  continuous  readouts  when  tracking  is  being 
accomplished  manually  by  "locking"  the  desired  readout  button'  into 
place  i 

if  generated  target  tracking  is  available,,  it,  can  be  Initiated  by  ac¬ 
tivating,  a  back-lighted  pushbutton  located  in  the  control  matrix.  The 
activation  of  the  selected  mode  pushbutton  aTsb  results  in  the  genera¬ 
tion  df  a  symbol  on  the  display  which  deslghates  the  pArtlcular  mode; 

The  compensator  and  mode  selector  controls  are  located- at  the  right  of 
the  main  display  at  the  passive  station. 

The  system  should  be  capable  of  generating  codes  representing  the  tar¬ 
get's  sequential  identification,  gross  classification  (friend,  foe,,  or 
unknown) ,  and  source  of  bearing  and  D/E  or,,  in  active  trahsmls.'sion, 
range  information.  Specifically,  the  compensator  involved  and  the 
source  or  mode  (ATP,  GTT,  or  iiianual)  in  which  the  compensator  i.s  oper¬ 
ating  should  bo  indicated.  -It  is  recommended,  that  compensator  identlil- 
caclon  be  cplorrcoded  to  be  consistent  witii  tiie  opuing  of  the  diBltal 
readouts.,  The  exact  nature  of  additional  symbology  appropriate  for 
employment  in  the  system  has  not  be  determined  at  this,  time.  The  re¬ 
commendations  of  a  combination, of  symbols  that  can  bo  optimally  utilized 
by  the  operator  should  be  based  on  the  results  of  a  ttpai-C’e  study  of 
the  -problem. 
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The  passive  tracking  operator  as  well  as  the  initial  detection  operator 
has  the  capability  for  erasing  a  target. 

Customary  CRT  controls  (for  Intensity^  focus,  arid  gain)  are  located  at 
the  left  of  the  passive  tracking  display  as  they  ai>e  in  the  initial 
detection  display. 

The  third  target  parameter  which  can  be  established  at  the  passive 
tracking  station  is  range.  It  has  been,  assumed,  for  the  purposes  of 
the  study,  that  passive  ratiging  will  be  an  essentially  automatic  opera- 
tlori  and  that  the  principal,  display  for  the  operator  will  be  a  digital 
readout.  By  function  sharing  the  passive  tracking  with  the  passive 
ranging  display,  the  operator  will  have  available  a  CRT  on  which  'he  can 
perform  the  only  manual  task  required  in  the  basically  automated  system. 
Under  normal  conditions  of  passive  ranging,  the  operator  performs  a 
"global  inspection"  of  corrologfains  on  the  main  scope.  The 
ojperator  utilizes  his  scope  selector  switch  to  Initiate  passive  ranging 
operation.  Correlograms,  which  must  be  gated  manually,  appear  on  the 
lower  quarter  of  the  main  display*  The  operator  gates  the  bearing  sec¬ 
tor  containing  the  selected  signals  by  selecting  and  positioning  the 
brack  bail,  after  having  depressed-  the  passive  ranging  enter  and  the 
upper  or  lower  sweep  pushbuttons.  Precise  correlogram  matching  (or 
alignment),  which  will  determine  the  range,  is  performed  by  the  computer 
after  the  operator  depre.sses  '■‘'e  "enter  track"  pushbutton,  and  the  re-, 
suits  are  presented  as  digital  readouts,  which  can  be  transmitted  to  Fire 
Control  The  readout  displays  are  presented  directly  above  the  .passive 
tracking  scope. 

If  manual  passive  ranging  is  required,  the  small  (6-lnch  x  8=inch)  CRT, 
located  directly  above  the  principal  passive  tracking  station,  is  em¬ 
ployed.  The  small  CRT  is  function-shared  and  may  be  used  foi'  manual 
passive  ranging  as  well  as  for  other  functions  described  elsewhei'e.  Tlie 
operator,  in  the  manual  .nude,  performs  rough  gating  on  the  main  display, 
but  fine  alignment  of  correlograms  is  done  on  the  small  CRT.  The  hand- 
viheels  necessary  for  fine  alignment  are  I’ccessod  and  covei'ed  during 
normal;  automatic  operation. 
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A  scope  selector  switch  at  the  lower  right  of  the  small  scope  permits 
the  operator  to  choose  the  particular  function  ho  wishes  to  accomplish 
oh  the  small  scope. 

Other  controls  necessary  fcr  manual  passive  ranging  are  located  at  the 
right  of  the  track  balj  c-,  the  lower  panel,.  Should,  it  over  be  neces- 
sai’y  to  perform  manual  passive  ranging  on  two  targets  simultaneously, 
the'  upper  pa-nel  display  scope  at  the  far  left  station  could  be  also 
used  for  fine  correlpgram  alignment.  In  this  way  one  major  CRT  would 
be  reserved  for  .passive  tracking. 

It  should  bo  noted  that  passive  detection,  utilizing  spherical  inputs, 
can  be  controlled  at  this  station.  In  an  emergency  situation,  or  a 
situation  in  which  it  is  desirable  to  use  thr  spherical  array  rather 
than  DIMUS  for  initial  detection  purposes^  signals  can  be  displayed  oh 
the  main  scope  after  the  scope  selector  switch  has  been  placed  in  the 
passive  detection  position.  The  track  ball  then  controls  a  bearing 
cursor  and  bearing  is  presented  on  the  x-axlb  with  amplitude  on  the 
yf-axis-i 

A, 13  ACTIVE  TOACKINQ  STATION 

The  station  at  the  far  left  Inches  in  width),  serves  the 
principal  function  of  active  localization  and  tracking;  although,  it 
should  be  noted,  it  also  serves  to  augment  the  passive  tracking  and 
ranging  capability  through  function  sharing.  The  assumption  of  Inr 
creaced  automation  in  passive  ranging,  active  range  rate  ahalysls,  and- 
sonar  conmmnicatlon  has  .permitted  recommendations  for  considerable 
coiitroi  ai'id.  display  consolidation. 

A i  13.1  Controls  and::Display-at..Active-.a’racking  Station 

The  active  tracking  station  contains  the  following  controls  and  displays: 

Upper, -Panel 

1)  Sonar  coiimunl  cations  cai'd  readei 

2)  Sonar  communications  recorder 

3)  Sonar  communications  recoraor  "on"  pushbutton 
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Sonar  coinmunlcatlons  recorder  oonti-ast  control  knob 

5)  CRT  for  passive  ranging,  SSI  pi’soentatlon,  range  rate 
analysis,,  sonar  communications 

6)  CRT  funiitlon  selector  switch 

7)  CRT  control  knobs  for  focus,  intensity,  scale  iliumlnation, 
gain,  and  bearing  and  D/E  selector  pushbuttons- 

8)  Signal  level  meter  and  suin/vertical  dlfferencc/horizontal 
difference  selector  switch 

9) ,  Speaker 

10)  Sweep  rate  selector  sviitch 

11)  Pushbuttons  for  sweep  delay^  standby,  operate 

12)  Indicator  lights  for  stored  and  channel  (l,  2,  or  3) 
ly)  Pushbuttons  for  display  and  channel  (1,  2,  or  3) 
iif)  Tape  recorder  controls 

a)  Tape  indicator 

b)  Pushbuttons  for  on,  playback,  roco»'a,  rewind 

c)  Rotary  swUcht-s  for  seJectlng  channel  and  selecting  sonar 
sys  tom 

Kiddle . Panel 

1)  Oven  indicator  ligiit  and  Reset  pushbutton 

2)  Pushbuttons  for  Increase,  Decrease,  Mark,  and  Reset 

3)  Vernier  adjustment  knob 

d)  Range  rate  set  knob 

8)  Pushbuttons  for  alarm  reset,  message  ready,  operate,  testj 
gate  on  normal,  voice,  and  receive  only 

6)  Indicator  lights  for  stahdhv,  transmitter  readyj  SESCO^  and 
computer  ready 

7,')  Selector  sviitc'i  for  transmitter  equalise 

8)  Pushbuttons  for  stuu  it«  sago,  time  enter,,  bearing,,  decode,  stop 
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9)  Digital  readout  displiay 

10)  Digital  readouts,  of  target  number,  bearing,  D/E  angle,  range, 
and  -range  rate  for  compensators  i,,  2,,  and  3 

11)  Relative  (bearing)  and  uhstabilized  indicator  lights 

12)  Major  .9  X  12  CRT  principally  for  active  tracking.  Also  used 
.as  back-up  for  passive  tracking,  passive  ranging,,  arid  passive, 
detection, 


13)  CRT  control  knobs,  same  as  7  on  upper  panel 
lA)  .Scope  function  selector  switch 

15)  Readout  arid  mark  pushbuttons  for  bearlrig,  D/E,  rarige  rate, 
automatic  range,  manuai  rarige 

16)  Displayed  data  selector  switch  for  all^^rget  or  refined 
track  display 

It)  STORE,  pushbutton 

18)  Compensator  and  symbology  pushbuttons  for  active,  passive, 
ATP,  dr  OTT  operation. 

19)  BTR  indicator  light 

20)  .Passive  range  pushbutton 

21)  Selector  switches  for  dwell  time,  pulse  length,  selected 
rarige,  power,  speed,  and  beam  width 

22)  Indioaior  lignis  for  manual  speed  input  and  reduced  power 

23)  Pushtuttoris  for  onj  stanaby,  ready,  single  ping,  cohtiriuous 
pingj  scop 

2A)  rBI/UdI  sensitivicy  pushbutton 

25)  Trlrbeam  bearing  I’otary  selector  switch 

26)  Sonar  oommunl cations  Clrici  range,  and  range  rate  digital 
readouts. 
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Lower,  Eanc-i 

1)  Sonar  coirahunicatldris  keyboard 

2)  Sonar  boinmunications  readout 

3)  Selector  switches  for  center  i^requenoy  and  band-width 
it)  Knobs  for  adjusting  audio  attenuation  and-  ICS  gain 

3)  Selector  switch  for  local  or  computer  control  of  audio, 
frequency 

6)  ib:’ack  bail 

7)  Pushbuttons  for  Enter  Track  and  Erase  Track 
S)  Phone  Jacks 

9)  Passive  Ranging  Controls 

a)  Main, scope;  knobs  for  controlling  horizontal  gain, 
horizontal  position^  vertical  gain,  vertical  position, 
track  separation 

b)  Upper,  scope;  knobs  for  controlling  vertical  gain  A? 
vertical  gain  B,  vertical  separation j  vertical  centering, 
and  sweep  length 

c)  Pushbottons  to  select  upper  or  lower  sweep  for  track 
ball  control 

d)  Poi't  and  starboard  selection  pushbuttons 

e)  Systeiiucontrois;  integration  sensitivity,  integration 
time,  sweep  lengthy  and  shaping 

i|,13,2  Operation  .of.  Active,  Tracking. Station 

The  main  scope  at  tne  active  station  is  used  as  a  C  scope  during  the 
passive  ("Listen")  operation  of  the  active  station  and  a  B  scope 
during  active  operation;  When  active  pinging  is  desired,  the  smaller 
CRT  on  the  upper  panel  airectly  above  thr  principal  CRT  is  -utilized 
for  display  of  the  return  echo  from  a  selected  sector  determined  by 
the  position  of  the  tracking  compensator.  During  the  passive  mode, 
the  operator  uses  the  track  baii  to  null  deviation  between  the  target 
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and  the  oonrpensator  Tor  the  establishment  of  bearing  and  D/E  In  a 
manner  identical  to  that  used  at  the  passive  station.  To  provide 
consistency  among  signal  symbols,  the  solid  dot  and  the  ring  have 
been  maintained  for  repr^'sentatlon  of  the  target  and  compensator, 
respectively., 

The  major  active  controls  are  located  at  the  right  of  the  active,  sta¬ 
tion  In  the  center  panel.  Tliey  are  also  accessible  to  the  operator 
at  the  passive  station.  By  positioning  the  i-otary  selector  sv;ltches 
for  beam  width,  the  operator  may  choose  the  beam  width  ho  wishes  In 
active  pinging.  Pushbuttons  are  provided  for  the  selection  of  single 
or  continuous  ping. 

if,  using  the  scope  selector  switch,  the  operator  chooses  the  active 
sonar  mode  of  operation  (B  scope),  a  range  scale  on  the  y.-axis  of  the 
scope  is  automatically  lighted  and  Is  used  Instead  of  the  D/E  scale 
that  Is  used  during  the  passive  mode  (C  scope)..  A  vertical  and  a 
horizontal  cursor  are  used  for  tracking  in  bearing  and  D/E  or  range 
respectively. 

Digital  readouts  for  bearings,  D/E,  range,  and  range  rate  as  well  as 
compensator  Identification  are  provided  directly  above  the  main  dis¬ 
play  on  the  center  panel.  At  the  right  of  principal  active  station 
controls  are  located  the  compensator  and  .scope  symbology  controls. 
Compensator  modOj  J.e.,  manual,  ATP,  and  G'i“T,  pushbuttons  are  provided 
here. 

Their  activation  is  associated  with  the  appeas-ance  of  symbols  on  the 
CRT  to  designate  selected  modes. 

When  the  scope  on  the  upper  panel  at  the  active  station  displays  a 
sector  (SSI),  the  scopes  at  both  active  and  passive  stations,  througn 
function-sharUio  c.an  oe  used  to  display  range  vs  bearing  also;  Wl’ilt 
precise  bearing  and  I'o.ige  ai-c  being  dofcerminod  at  the  active  slat. on, 
otlier  concacts  or  nO'se  sources  can  be  displayed  and  obsei’ved 
.slniul  tanc-ously. 
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It  has  been  assumed  that  the  analysis  of  range  rate  will  bo  performed 
automatically  as  directed  by  the  operator;  The  operator  has  the 
capability  of  storing  a  segment  of  the  received  signal  for  analysis 
and  subsfequent  playing  back  during  an  analysis  mode;  In  the  automated 
eystemi  the  operator  '.’Itimately  will  be  concor^ncd  only  with  the  digital 
readout  of  range  rate.  The  present  design,  however,  incorporates  all 
controls  and  displays  necessary  for  manual  back-up;  If  range  rate 
analysis  is  to  be  performed  manually  by  the  operator,  it  is  ac¬ 
complished  by  measuring  the  dlffei’ence  between  the  transmitted  signal 
frequency  and  the  returned  signal  frequency.  In  the  manual  mode,  one 
of  the  CRT's  located  on  the  upper  panel  would  be  utilised  by  the 
operator;  Lines  of.  variable  slope  would  be  displayed  on  the  CRT.  To 
obtain  range  rate  the  operator  must  eliminate  the  slojpe  of  the  lines 
through  adjusting  the  associated  handwheels  (recessed  below,  the  lower 
panel)  in  a  manner  similar  to  that  presently  employed  iti  the  BftQ-1 
system-.  The  required  frequenc”  change  is  the  measure  of  range  rate. 

in  the  envisioned  automated  systemj  howovoi'i  it  will  be  only  necessary 
for  the  operator  to  initiate  the  storage  of  increments  df  received 
information  at  selected  ranges;  Precise  .range  and  range  rate  data 
can  be  displayed  on  digital  readouts  ana  can  be  transmitted  to  Fire 
Control  by  activating  the  associated  readout/mark  pushbutton. 

Controls  for  active  communication  through  SESCO  have  been  placed  at 
the  left  of  the  >.entor  display  at  the  active  station,  If  SKCO  is 
to  be  operated  from  the  surveillance  console,  the  location  represents 
an  optimal  cliolce  since  SESCO  derived  information  is  used  directly 
by  Fire  Control.  It  should  be  noted,  hpwever,  that  communications  has 
not  been  assumed  to  be  a  .primary  responsibility  of  the  surveillance 
mission  per  se  and  that  the  repositioning  of  all  controls  and  displays j 
except  those  directly  related  to  active  transmission  of  target 
location  data,  should  be  considered.  The  required  e faluatlon  of  the 
optimal  location  is  beyond  the  scope  of  the  present  f.tudy. 
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The  SESCO  card  reader  and  recorder  have  been  placed  on  the  top  panel. 
Function-sharing  of  the  main  scope  located  oh  the  upper  panel  (idl't) 
will  provide  a  CRT  for  SESCO  reception  and  trahsmlssloh.  Although 
it  has  been  recoiranehded  that  the  frequency  shift  keying  control,  for 
encoding  bo  done  oh  magnetic  tape,  the  manual  keyboard' has- :beon 
retained  for  back-up  purposes.  While  specific  controls  and  dJop.lays 
have  hot  undergone  any  essential  alteration,  the  entire  system  has 
been  consolidated  into  one  functional  grouping  to  facilitate  operation. 

t.it  Contact  Status  Display  {Fig. 

This  alpharhumeric  unit,  iodated  on  the  header  panel  at  the  fire 
control  -  surveillance  Junction,  is  used  for  evaluat.iohs  and  decisions, 
by  the  fire  control  and  command  stations  based  on  contact  identification 
and  ciasslfloatioh  by  survellTanoe. 

The  display  shows  the  tracking  sensor  and  classification  status  for 
every  contact,  currently  under  detection.  The  tracking  sensor  and 
contact  number  is  displayed  upon  assignment  of  a  number  of  a  new 
contact.  A  contact,  once  detected,  is  designated  by  the  .same  number 
even  though  it  may  be  shifted  to  a  sensor  other  than  the  initial  de¬ 
tecting  one.  The  classification  parameters  of  threat,  vessel  typej, 
and  vessel  condition  are  initiated  by  the  sufvelilahce  classification: 
keyboard i 

The  fire  control  party  may  use  the  displayed  information  to  evaluate 
speed  solutions  obtained  for  a  particular  target.  This  evaluation 
would  be  based  on  the  vessel  type  and  condition  classification.  The 
oonviiand  station  may  use  the  display  as  a  means  of  knowing  when  sensors 
are  displayed  and  which  are  unassigned  or  available  for  reassignment; 
Based  on  the  tlifeat  classification,  command  can  evaluate  the  urgency 
a.ssocjated  with  a  particular  contact. 
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V 

FIRE  CONTROL 


5,1.  INTRODUCTION, 

it.  is  evident  that  if  the  SUBIC  objective  of  increased  effectiveness- 
of  the  several  systems  under  consideration  is  to  be  met,  then  the  role 
of  the  human  c6mponent>  as  well  as  the  machine >  must  be  enhanced. 

Current  fire  controi  tactics  manuals  (Ref,  1,  2)  do  not  explicitly  state 
ail  the  functions  and  tasks  performed  by  humans  in  fire  control  systems i 
The  decisions  and  control  actions  generally  present  are  hidden  among 
the  mass  of  equations  and  plotting  .procedures  described  for  solvlhg  the 
particular  problems.  Thus.  Some  form  of  analysis  must  be  undertaken  to 
manifest  these  equally  impoiaaiib  human  tasks. 

This  section j  accordingly.,  represents  an  analysis  of  Submarine  fire 
control  systems  to.  ascertain  the  functions  and  tasks  of  both  men  .and 
machines  involved  in  the  generic  fire  control  problem;  This  study 
likewise  provides  the  basis  foi*  the  allo.catlon  of  tasks  j  either  to  man 
or  machine,  for  the  design  of  a  l')65  THRESHER  class  submarine  .fire  feon- 
■trol  console  i 

The  report  is  divided  into  several  sections;  the  methodology  for  the 
analysis}  the  results  of  the  analysis  (including  man-machine  allocation),, 
special  considerations  of  the  designed  console,  and  an  operational  des¬ 
cription  of  the  console; 

5.2  METHODOLOGY 

This  section  presents  the  methodology  employed  in  analyzing  the  fire 
control  area  and  thereby  provides  a  basis  for  suh'.equent  design  of  a 
fire  control  console.  A  statement  of  the  methodology  is  relevant  at 
this  point  in  order  to  show  the  criteria  by  which  the  study  was  guided. 

5.-2 ;  1  Generic,  Mission 

The  first  step  in  the  program  was  the  derivation  of  a  mission,,  including 
system  objectives,  of  the  generalized  fire  control  system;  in  rtMatlon 
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to  the  mission  and-  to  provide  ground,  rules  for  the  remainder  of  the 
study,  the  working  assumptions  (for  example,  vessel  activities),  sys¬ 
tem  constraints  (for  example’,  weapons  considered),  and  definitions  were 
stated;.  ' 

?.2.2  betermination.of  .I’'uhction3.  and. .Task..  Analysis 

Continuing,  on  the  mission  in  5^2.1  above,  the  functions  acoomplislieci 

in  the  weapons  system  were  delineated.  A  function  is  defined  as  an 

action  of  .performance  which  contributes  toward  obtaining  the  system 

objectives.. 

In  turn,  each  stated  function  was  analyzed  and  classified  in  terms  of 
the  tasks  which  accomplish  a  specific  function,  the  categories  for 
task  classification  are  the  following! 

1)  Decision  tasks  involving  coordination  of  infonhation  and/or 
tactical  alternatives; 

a)  situation  decision.  Conclude  a  certain  state  exists  from 
a  number  of  possible  altefhatives. 

b)  .action  decision.  Select  a  course  of  action  from  a  number 
of  alternatives. 

2)  Operator  tasks  involving  button-pushing- or  error-miVllng 
operations ; 

3)  Computational  tasks  Involving  mathematical  manipulations, 

This  classifying  of  tasks  also  serves  as  a  nteans  of  categorizing  funce 
tlons  to  facilitate  further  assignment  to  a  decision-maker  or  buttou- 
puSher. 

5.2  .’3  Allocatlon^of  functions  ,  to.. Man.and,^ Machine. 

Ffcm  the  -above  analysis,  ''aoh  of  the  functions  was  c.lXocai.uu  viopumUng 
upon  whether  it  was  best  handled  by  human  or  machine  capabilities. 

The  general,  criteria  for  assignment  were  based  on  the  relative  capa¬ 
bilities  of  man  and  machines  as  specified  by  Fitts  (lief.  3). 
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it  is  apparent  that  the  decision  for  function  allocation  Is  highly  de¬ 
pendent  oh  the  technological  3tate=of-the-art.  In  this  study  alloca¬ 
tion  Is  assumed  permlssable  on  reasonably  projected  state-of-the-art 
In  digital  computer  technology. 

^2.4,  information  Requirements 

For  those  tasks  clearly  dependent  oh  man's  capabliltles  and  for  those 
of  which  the  allocation  Is  uncertain,  the  Informatloh  requirements 
(defined  as  data  necessary  for  task  accomplishment)  were  determined 
and  then  classified  In  terms  of  their  relevant  characteristics,  in¬ 
formation  classification  by  characteristics,  plus  the  preceding  elassl- 
floatlohs,  provide  basis  for  logical  console  design  by  way  of  distin¬ 
guishing  pertinent  Informatloh,  Information  groups,  and  priority 
assignment i 

The  categories,  are  as  follows:. 

1)  Source 

a)  enemy 

b)  environment 

c)  own  ship 

d)  consort 

2 )  Temporal  aspect 

a)  long  term  history  -  provide  books,  charts,  etc. 

b)  short  term  history  -  computer  storage 
6)  present  status  -  computer  storage 

.d)  projected  status  -  trial  situation  displays  or  quickening 

3)  Criticality  -  Indicators  of  criticality 

a)  signal  changes  during  mission 

b)  other  aspects  of  operation  dependent  oh  this  signal 

c)  correlation  between  a  given  amount  of  signal  change  and 
change  in  probability  of  mission  sut-cesp 

4)  Accuracy  -  Indicates  amount  of  error  to  be  displayed 
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5)  PreclsioJi  -  determines  fineness  of  display  scale 

6)  Relationship  of  information  items.  Must  an  item  be  displayed 
with  another  item  to,  be  meaningful?  Is  it  to  be  compared? 

5<2i5  .Prelimihafy,..Con361e . Design 

Msed  on  the  preceding  four  sections,  a  preiiminar’y  tactical  weapo.'is 
console  was  designed.  Slnc'"  current  statoiof-theiart  was.  not  consld^ 
ered  a  limiting  factor  at  this  level,  extrapolations  to  feasible  equips 
ment  capabilities  has  to  be  made  If  an  optimum-approaching  design  Is 
to  be  realized,  inference  was  based  on  projected  present  technology, 
but  uncertain  aspects  were  submitted  to  knowledgeable  persons  in  com;- 
puter  technology  and  human  factors  aecfclotis, 

5.2.6  Preliminary  Mission  Analysis  .Evaluation 

The  preliminary  designed  console  from  Section  V  was  evaluated  in  te.ms 
of  ability  to  carry  out  necessary  operations  and  complete  missions  as 
defined  by  thd  fife  control  mission  and  functional  analysis  presented 
in  the  earlier  stages  of  the  study. 

5.2.7  Final, Console  Design 

In  View  of  incompatible  and  neglected  displays  and  controls,,  as  shown 
by  the  evaluation,  and  it»  terms  of  computer  arid  technological  ilmlt8  = 
tlons,  a  final  console  design  was  refined  from  the  prelimlViory  sketch, 

in  summary,  essentially  a  deductive  method  was  employed'!  If  task  A 
must  be  performed,  their  Information  items  1,  2.,  and  3  are  required. 

The  method  contains  one  inheirent  disadvantage  of  not  providing  icnowledgo 
of  omissions;  therefore,  the  ,aiialy3t'3  awareness  of  the  various  facets 
of  fire  control  operations  is  the  limiting  condition.  In  this  .regard, 
the  study  gains  strength  only  by.  cor..=!tant  reiteration  and  a  conclusive 
solution  will  oe , provided  only  by  experimental  testing  of  the  tasks- 
and  Infoimatlbn  requirements  listed. 

The  publications  consulted,  besides  those  already  cited;  are  presented 
In  the  general  referen'-es  at  the  end  of  this  chapter. 
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•5.3  ANALYSIS. 

This  section  represents  the  analysis  of  the  submarine  fife  .control  sys¬ 
tem  to  ascertain  functions  and,  tasks,  their  subsequent  aHocatloh  to 
man  or  machine,  and  the.  de, termination  of  the  required  information  to 
•accomplish  these  tasks; 

5 ;3 ; i  Definitions 

1)  Fire  control  system;  the  .combination,  of  activities  whl.ch 
utilizes  the  sensed  inputs  from  the  several  surveillance  systems 
to  localize  targets  In  the  environment  and  compute  directions  to 
guide  .weapons  to  those  targets. 

2)  Target  localization  or  definition:  that  phase  of  fii’e  control 
concerned  with  specifying  the  target's  position  based  on  sensed 
inputs  or  estimates  from  surveillance, 

3)  Weapon  direction  of  control:  that  phase  of  fife  contfol  deal¬ 
ing  with  the  .preparation  and .guidance  of  tactical  weapons, 

5,3 .2  AsslMnptlohs,  and:.Con3tralht8. 

The  following  assumptions  and  constraints  provide  the  general  ground 
rules  for  the  study. 

5.3..2,i  Assumptions 

1.)  The  primary  mission  of  the  submarine  is  to  conduct  anti-sub¬ 
marine  warfare  and  destroy  targets  of  opportunity;  The  oontihgeht, 
missions- listed  below  are  excluded  from  consideration  at  this  time, 

a)  Mining 

b)  Reconnaissance 

e)  Lifeguard 

d)  Radaf  picket 

o)  .Special  landing  operations 

f)  Strategic  weapon  opefations 

4)  Torpedo  foom  aspects  or  weapon  control  were  not  considered 
unles.s  they  reflected  back  on  control  room  weapon  operations. 
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3)  A,  central  digital  computer  is  available  for  fire  contirai 
purposes . 

5i3.2.2  .Constraints 

1)  Submarine  stealth  must  not  be  compromised  unless  the  initiative 
remains'  with  the  friendly  forces; 

2)  Wea;pon  input  requirements  are  Inviolate. 

3)  Only  the  following  weapons  will  be  considered  as  available  for 
future  tactical  dcpibiahent  in  console  development; 

MK  l6  Mod  6  i  presetj  straight-runner 
37  Mod  0,  -  .breaet,.  homing 
M'k  37  Mod  1  -  .preset  or  wire-guide 
MK  '15  Mod  6  s  preset  or- wire-guide 
EXsio  (RETORC  ll)  -  preset  or  wire -guide 
EX^i.  f  SUBROC)  -  submarine  rocket 

At  present,  neither  the  mathematical  model  nor  the  control  circuits 
for  the  EX-lb  are  completely  defined;  therefore,  the  controls  and 
displays  for  this  weapon,  incorporated  in  this  study,,  will  be  those 
listed  as  hocossary  in  a  Hughes  Aircraft  Company,  memorandum  to 
Electric  Boat  Division,  dated  24  August  1Q6i, 

The  torpedoes  MK  28  Mod  0  and  MK  27  Mod  are  deleted  oh  the  basis, 
of  replacement  by  the  MK  37  Hod  0  as  stated  In  "SUBbANT  Infonha- 
tlon  Bulletin,"  January  I960. 

The  MK'  1')  Mod  5  torpedo  is  omitted,  since  it  is  no  longer  in  .pro¬ 
duction  arid  few  remain  vMrhlh  the  submarine  force. 

5.3,3  Fire.  Control  Sy3tem..Missloh 

The  objective  of  a  fire  coi.-rol  system  is  lobaljzation  of  a  target's 
present  position  through  detenhthatlon  of  t-.orgol.  moi  ion  -paramotorE 
based  oh  sensor  Inputs  concerning  own  ship  and  target.  From  the  target' 
present  location  a  future  position  is  extrapolated,  for  which;  an. ap¬ 
proach,  tactic  and  a  weapon  are  selected  wlilch  maximize  the  probaMllty 
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of  kill.  Then  the  correct  weapon  geometry  must  be  detemlned  to  en¬ 
sure  weapon  and  target  coincidence  at  a  specified  time  after  firing. 

The  fire  control  system  mission  may  be  regarded  as  a  phase  of  the  total 
submarine  mission  and-,  In  turn,  each  component  operation  of  the  fire 
control  system  may  be  regarded  as  a  phase  of  the  fire  control  mission. 
In  the  following  fire  control  functional  analysis  the  system  mission 
Is  partitioned  Into  separate  operating  phases  to  enhance  classification 
and  clarity.  This  partitioning  does  hot  assume  phase  Independence  or 
strict  time  sequence.  In  fact,  functions  of  one  phase  may  be  accom¬ 
plished  prior  to  completion  of  a  pi'ecedlng  phase: 

Each  phase  of  the  mission  may  be  classified  as.  to  Its  phase  function 
hut  within  each  phase  are  listed  a  number  of  subfunctlbns  which  are 
necessary  for  accomplishment  of  the  particular  phase  function: 

For  each  of  the  listed  functions  the  tasks  necessary  for  accomplishment 
have  been  derived  and  then  classified  In  terms  of  the  characteristic 
operation  involved.  This  categorization  serves  to  dlffei'cntlatc  the 
tasks  and  provide  the  basis  for  subsequent  man  or  machine  allocation. 

The  categories  of  classification  are  as  follows: 

A)  Decision  tasks  Involving  coordination  of  Information  and/or 
tactical  alternatives.  Including: 

a)  situation  decision;  conclude  a  certain  state  exists  from 
a  number  of  possible  alternatives. 

b)  action  decision;  select  a  course  of  action  from  a  number 
of  alternatives. 

13)  Operator  tasks  involving  button-pushing  or  erfor-hulllng 
operations. 

0)  Computational  tasks  Involving  mathematical  munipplatiohs. 

Task  classification  Is  indicated  by  letter  designation  to  the  left  of 
each  task. 
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FurictlonaL-Aiialyaia 
Phase  Kuncblori'  -  Target  Localisabiosi 

Puhctloh;  Designation  nO  nontacta  for*  motion  analysis i 

Aa  Tasks;  1)  Decide  which  contacts  are  to  be  analyzed. 

2)  Order  fire  cohtrol  system  to- provide  localiza¬ 
tion  isolutioh,  for  a  specific  target. 

Function:  Selection  of  localization  modd. 

A2  Tasks:  i)  Decide  on  solution  mode  to  localize  target. 

B  2)  Order  system  to  utilize  selected  mode. 

Function;  Selection  of  sensors  for  data  inputs  to  localizar 
tlon  problem; 

A2  Tasks;  1)  Decide  which  sensor  will  provide  optimizing, 

inputs 

B  2)  0;-Uer  systems  to  utilize  selected  sensOr  inputs 

Function:  Localization  of  target  relative  to  own  ship 

C  Task:  li  Solve  geometry  for  target  position  relative  tO 

own  shipj  speolflcally,,  determine  range,  sjpeed, 
depth,,  and  course ; 

SubfunctlOn;  Bearing  correction  and  stabilization  for  data 
processing. 

C  '  Task:  i)  Reject  spurious  bearings  and  add  correction 

factors  pertaining  to  soundiin-water  phenomena. 

SubfunOtlon:  Direction  Of  target  motion  determinations; 

6  Task;  i)  Ascertain  direction  of  bearing- drift 
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Subf unction: 
C  Task: 

Subfunctions; 

A2  Tasks : 

A2 

Subf unction: 
C  Tasks ; 

C 

Subfunction; 

C  Tasks: 

Function; 
Ai  Tasks; 

B 

Function: 

A2  Task; 

PunotJon: 


Detemlne  If  target  is  opening  or  closing 

i)  compute  relative  angle-on-the-bow. 

Determine  own  ship  maneuvers  to  faclilta'te  local?. 
Ization  solution. 

1)'  Decide  on  own  ship  maheuver 

ai  Determine  tiine  to  execute  own  ship  maneuver. 

Target  maneuver  detection  (include  type  of  maneuver) 

1)  Test  slgnlTicance,  of  predicted  target  path 
against  derived  path. 

2)  Project  hew  target  path  backwards  to  determine 
time  new  .path  differed  from  predicted  path; 

Determine  probable  time  and  type  of  next  target 
maneuver. 

1)  Compute  representative  maneuver  time  and  prob¬ 
ability  of  any  type  maneuver.. 

Utilization  of  target  parameter  estitnates, 

r)  Decide  whether  to  utilize  estimates. 

2)  Order  system  to  utilize  estimates. 

Own  ship  maneuver  for  Type  ill  localization  solu¬ 
tion  iSee  localization  chart) 

1 )  Decide  when  and  how  to  make  own  ship  zlg  in  a 
Type  lil  localization  solution-; 

Evaluation  of  localization  solution. 
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Phase  .junction.  ^  Approach  Tactic  Determination 

A1  TasKss  1)  iJetermlne  whether  target  range  Is  greater  than, 

weapon  range. 

A2  2)  Decide  on  an.  approach  tac.tic  to  ciose,  target., 

C  i)  Solve  geometry  for  approach -courje,  speed,,  and 

•de'pth'.for  own  ship  under  constraints  of  any  one 
or  .combination  of  the  following: 

a.)  arrival  tiriid 
b)-  range 

•  .  c)  torpedo  track  angle 

d)  gyro  angle 
?  i  .firing  bearing; 

Phase „]^nction  -  Weapon  Selection 

C  Wak::;.  T)  Determine  the  kill  rprobabllity  for  each  type 

of  weapon  and  spreads  , of  weapons > 

A2  2)  Select  a  we&pon(  3 )  which  >wlii -maximize  the 

probability,  of  kiiilng  the  target. 

B‘  3)’  Order  system  to  utilize,  the -seieotid  weapon. 

.Pha3e..Puhctl0n  i  Detemination  of  Wetpoh.  .Geometry 

C  Task:  ij  Solve  geometry  for: 

a)  .gyro  angle 

b)  running  depth 
:C  'running  speed; 

d)  enabling  rutij  run-to-burst 

e)  missile  trajectory 

f)  thrust  cutoff  velocity 
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e  2)  Determine 

a)  .firing,  bearing 

b)  spread  interval 

c)  firing  Interyai 

d)  firing  4:  imei 

.Phase  .Fiihction  -  Weapon  and  Tube.  Preparation 

B  Tasks:  i)  Assign  target  to  weapon 

B'  2.)  Assign  weapon  to  tube- 

B  3)  Order  steps  in  weapon .preparation 

B’^  4.)  Order  steps  in  tube  preparatidn 

B'  5)  eheck  weapon  acceptance  oi’  weapon  functions 

B  6)  Monitor  steps  in' weapon  and -tube  pi^paratildn 

and  monitor  weapon  warnings-  (limits  ahd 
malfunctions,)-; 

B,  C  7)  Assign  firing  order  ahd  check  acceptance 

B  8)  -Order  wire-guided’  torpedo  to  be  guided  in  a 

specific  modes 

li  ?)  Order  weapon  to.  be  fired- in  a  specific  modes 

Phase  J-'uncilon  =  Weapon  Pi  ring 

C  Tasks:  l)  i>ecide  when  to  fire. 

A-i  */eclde  what  actions  can  be  undertaken  to  im¬ 

prove  probability  of  target  kill.i  -that  Isi  fire 
now  or  perform  some  intermediate  action. 

B  3)  Order  .weapon  to  be  fired-. 

B  4-'  Check  weapon  response  to  fires 
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?ha3e_FunctelQri  -  Post-Firing  Weapon  Guidance  (Wire-guides) 

C  Tasks;  1)  Solve  geometry  for  present  weapon  position 

relative  to  target  and  detenritne  error  between 
target  and  weapon  .paths  at  incldohde  point., 

C.  2)  Reduce  eiu'or  In  target  and.  weapon  paths  to  enf 

sure  coincidence  at  impact  point. 

5i3i5  Allocation  .of..fa8k3 

The  prlmaiy  purpose  of  task  allocation  within  a  system  is  to  maximize 
the  over-ail  system  effectiveness  in  tems  of  the  system  objectives. 

Man  and  machines  differ  relatively  in  their  capacity  to  provide  the  de¬ 
gree  of  a  specific  capability  demanded  by  a  task.  Optimum  task,  accom¬ 
plishment  warrants,  therefore,  that  this  relative  difference  fce  exr 
plotted  by  employing  the  system  component  which  supplies  a  particular 
capability  best. 

As  stated  prevlouslyj  to  obtain  a  meaningful  task  assignment  it  is  first 
requisite  to  .analyze  each  task  to  determine  the  capabilities  necessary 
for  accomplishment.  Allocation  then  proceeds  by  approximating  matches 
of  the  abilities  of  the  man  and/or  the  machine  with  those  required. 

In  the  .preceding  phase  of  the  study  each  task  was  classified  in  terms 
of  task  t^e,  This  resulted  in  three  major  classes  which,  are  analyzed 
and  assigned  by  the  following  reasoning: 

5.3.5. 1  Decision  Tasks 

A  decision,,  by  definition,  demands  the  ability  to  choose  between  a  set 
of  alternative  states  or  actions:  The  tasks  classified  as  decisions 
have  the  coiwion  characteristic  that  this  "choosing"  la  dependent  upon 
a  number  of  inputs  or  Inforinatlon  requirements.  This  characteristic 
Implies  (1)  some  .relation  (hot  necessarily  constant)  exists  between 
these  inputs  and  '2)  this  relationship  must  be  perceived  correctly  In 
Order  to  choose  an  appropriate  alternative. 
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Fitts  and  others  have  suggested  that  the  declslohiihaklr.g,  process  is 
best  suited  to  human  capabilities  iTor  at  least  the  following  z^asohs; 

1)  Ability  to  select  own  inputs 

2)  Ability  to,  profit  from  experl enoe 

3)  Ability  to  handle  inexpected  tfVdrits  without  previous  exper¬ 
ience  or  programmlngi 

In  this  study  tilt  decision  tasks  have  been  allocated  to  the  man,  but 
farther  inapectlflfi  fn|y  p.i^ve  rewarding. 

A 

The  key  to  man's  f^latlVe  ability  to  make  decisions  seems  to  lie  with 
the  problem  of  th^  relationship  betwaiin  Infomatlon  requirements  and> 
because  of  this,  ddclslon-maklhg- is  often  awarded  to  man  by  default. 

In  the  realm  of  tasks  commonly  classified  as  "decisions"  (choosing  bbi 
tween  alternative  situations  or  actions)  the  tasks  are  characterized 
by  a  number  of  inputs  which  must  be  coordinated  and  welded  before  the 
choice  can  be  made.  But  the  relatlbhshlp  between  these  inputs,  is.  often 
unknown.  Man'  does  utilize  these  inputs  or  information  requirements  in 
some  relationship  and  he  does  make  decisions -as  a  result,  'The  natui^ 
of  the  relationship,  however,,  is  often  unknown  to  the  man  himself  even, 
though  it  is- utilized. 

When  researchers  state  that  man  is  better  than  the  machine  at  decision¬ 
making  for  some  given  reason  (that  is,  abHity  to.  profit  from  experi¬ 
ence),  the  cade  is  merely  being  stated  that  the  man  does  ;have  some 
method  of  coordinating  and  evaluating  the  inputs.  In  fact  this  ability 
to  utilize  these  Inputs  is  based  on  a  oonslderable  history  of  trial 
and  error  .situations  where  first  one  oomblnatlori  of  inputs  and  then 
another  have  been  employed  to  arrive  at  a  suobessfui  decision. 

Heretofore,  science  has  not  discovered  the  relations  existing  between 
information  requirements  for  declsioriing,  which  in  turn  precludes 
machine  programming,  in  addition,  only  a  beginning  has  been  made  In 
understaridihg  how  to  enable  machines  to  modify  their  own  behayior 
{profit  frbin  experience). 
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in  summary,  the  man  is  assigned  declslon-malr.lhg  tasks  hot  necessarily 
upon  ills  final  superior  abliity,  but  merely  because  he  does  utilize 
the  available  Inputs  (correctly,  is  another  question)  in  some  relation¬ 
ship  to  solve  his  problems The  o’jtimuji'i  allpcatiqn  must  await  a  better 
uhdefstaridihg.  of  the  decision-making  process,  , 

■5;3i5-.2  Operator  Tasks 

The  class  of  tasks  designated  as  "operator  tasks"  are  allocated  to  the. 
man  in  that  their  acdompllshmerit  serves  as  a  transmission-  link  between 
the  decision-maker  (man)  and  the  machine..  At  thoie  points  where  the 
system  is  ordered  to  carry,  out  some  action  the  operator  serves  to-  pro¬ 
gram  the  machine  on  the  basis  of  a- decision.  Thus,  the  operator  .serves 
as  the  communication  line  from  the  decision-maker  to  the  machine,  in 
those  cases  where  the  operator  task  demands  monitoring  of  the  system, 
(warning  at’d  weapon  preparation  monitoring).,  the  operator  serves  as  a 
link  from:  the  machine  to  the  depisioh-maker. 

5«3,5*^  Computational  Tasks 

bomputational  tasks  are  mathematical  manipulatory  tasks  demanding,  ihr 
formation ..pro.desslr^  by  logical  rules..  Contrary  to  decision,  tasks,, 
the  exact  relations,  between  inputs  arc  well  known  (geometric  and- 
statistical  analysis):,  the  .inputs  are  amenable  to  quahtifioatiqh,  and 
the  programs  are  readily  specified-.  Thus,  these  tasks  are  allocated,, 
to  the  machines,  since  machines  are  .superior  to  man  In  exact  computa¬ 
tion  and  in  utilizing  logical  rules  at  high  speed  for  IhforTnatlOh 
-processlngi 

5i3j6  .Information  nequireinehts. 

For  t’npsb  tasks  which- were  allocated  to  the  man  in  the  preceding  sec- 
,tion,  the  information  requirements  deejhed  necessary  for  acbompllshihg 
the  tasks  are  listed  below  (Table  5t1).  Subsequently,  each  information 
requirement  has  -been  classified  by  pertinent  characteristics;  .and  tabu¬ 
lated.:  The  purpose  Of  classification  by  characteristics  iS'  to  provide 
a-  basis  for  display  relevance:  .should,  the  Informatiph  be  displayed,, 
how  it,  IS  to  be  displayed,  how- It  is  to  be  displayed  in  relation  to. 
other  Infomatlon,  and  what  is;  the  logical . grouping  of  Infprmatlon  for 
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dls>ilay,  This,,  in  turn^  will  result  in  display  concepts  which  can  'be 
utilized  in  the  final  fi^  cohtroi  console  design. 

The  categories  of  classification  ur-c  the  following; 

1)  Object  refarent:  .provides  Infomatlon  grouping 

a),  enemy 

b')  envirdmeht 

c)  dvfh  ship 

d)  consort 

2)  Temporal  aspect;  deferinlhe  type  of  display 

a)  long, term  history;  provide  books,  charts,  etc. 

b)  short  tern  history;  cojnputef  storage >  limnediate  console 
displays 

c)  present  status;  computer  storage,,  Immcdlatp  console 
display 

d)  projected  Status.;  provide  trial  .situation  displays  or 
quickening. 

3;)  Criticality;  if -an  item  of  infbrmatloh  has  a  criticality, 
index,  It  sliould  be  displayed. 

a) ,  signal  changes  during  mission 

b)  other  aspects  of  operation  dependent  on  this-  signal 

c)  correlation  between  a  given  amount  of  signal  change  and 
change  In  probability  of  mission  success. 

4)  .Relat.tonship  of  infonnetlop  items;  Indicates  whether  itenisi 
of  information  must  be  displayed^  compared,  and/of  Integrated  with 
ptijef  items  to  be  meaningful.. 

ilnfbrmatlon  requirements  could  be  classified  by  at  least  two  other 
categories.  These  are  ''accuracy"  and,  "precision. "  Accuracy  pf  Infot;- 
matibn  Is  concerned  with  the  reliability  oi'  the  scrr- rj  precision  with 
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thfc  flneiiiSss  oi’  dial  display..  In  this  atudyj  which  is  an  analysis  of 
the>  generaUsed  submarine  fire  control  system,  consideration  of  thCse 
categories  is  riot  warranted; 

A  sensor  cer^lniy  should  be  as  accurate  as  possible j  but  the  degrees 
of  acburacy  for  which  s.ensor  designers  .should  strive  can  ohiji:  be  de¬ 
termined  by  the  aliowabic  error  Withlri-a  system.  In  the  case  of  fire 
control,  ^thia  will  be  determined  by  the  solution  error  allowable  for  a 
teat  of  sigrilflcarice., 

Precision  can  be  detennlned  only  for  a  specific  system;  If  a  .particu¬ 
lar  torpedo  has  fixed  units  of  .2  degrees,  for  course  change  iio  advan¬ 
tage  is  gained  by  ihcorporetlng  dial  readouts.  With  Q»;l  degree  grada¬ 
tions.  This  study 'has  not' gone  into  detail  In  cohslderihg  existing  or 
prOpbaed  -systema  to.  ah  extent  that  would- allow,  such  specification  of 
displays , 

■5,t  SPECIAL.  CONSifiERATIONS 

This*  section  dlscussea  changes.  Iheorpojated,  In  the  proposed'  fire  coni- 
trol  console  which  are  special  in  regard  to  existing  fire  control  sys¬ 
tems;  The  assumption  underlying  these  changes  is  the  utl-ilzatlon  of  a 
centre!  high-speed  digital  computer  by  the  aubmarlhe  fire  control 
system. 

5.4.1  •  Emergency .Operation 

Ih  the  .proposed,  system;  the  emergency  mode  consls.ts,  op  the  use  of  a 
manual  plotting  table  (>for  example^  the  19  Plotter.)  and- a  torpedo 
control,  unit  located  in  the  torpedo  room;  No  failure  of  a  specific 
fire  control  function  (target  analysis;  position  keeping;  weapon  direc¬ 
tion)  la  conceived  without  a  total  computer  failure..  That  Is;  since 
the  cbmputational  elements;  are  of  the  digital  type;  no  specific  portion, 
of  the  Computer  Is  assigned  a  specific  function;  If  portions  of  the 
computer  fail,,  it  la  assumed.  priolHty  prpgrammlng  will  allovi  continuing 
calculation  of  the  fire  control- .proble^H.  It  Is  Reasonable  that  de¬ 
graded  outputs  may  result  from  loss  of  :partlal  computer  capacity,  but 
total  loss  of  a  specific  function. gen  so  .will  not  occur,  in  case  of 
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total  opinputer  failure  the  manual  plpt  and  the  torpedo  control  unit 
must  be  substituted i. 

Weapon  .:Dlrectlon 

Assuming  .ponipd.ter  cVlcuiatipn  of  Ijeapon  dlrectloh  factors,,,  the-  direct 
control  arid  .guidance  of  the  weapon  la  a  computer  function.-  Essentiallyi 
the  loop,  exis, ting  between  the  compuLcr  and  the  weapori  is.  a  Closed  one, 
except  for  operator  selection  of  firing  erid'  wlre-guidarioe  modes i- 

The  Initlatlpii  of  the  steps  In  the  weapon  and  tube  preparatipri  -sequence 
resides  with  the  flw  control  cpprdlriatpr.  The  .Insertion  of  weapon 
ballistics,  intp  weapon  equations  is  automatic  uppn-lqadlng  the  weapon 
Into  a  tube.  The  corrections  fpr  proofing,  and  firing  latitudes  are.  up¬ 
dated  pontlnuously  "by  the  computer. 

Both  the  preset  arid  synchronous  functions,  are,  calculated  by  the  com¬ 
puter  on  the  basis  of  target  position  and  entered  ^automatically  Irito 

the  weapon.  It  Is  apparent,  as,  the  number  of  preset  functions  Iricreas.e 
with  each  new  torpedo  type  j.  .that  the  number  of  settlrig  comblriatlons 
Increase  beyond  a  human's  capapity  to  choose  among  them;  Thus,  to 
effect  an.  attack  utilizing  the -best  combinational  choice  demands  some 
high  speed,  sol.ying  device  to  choose  correctly,  among  the  alternatives. 
Allocfttlrig  the  de.termlnatipn  of  weapon  functions  to.  the  computer  does 
not  Imply  that  the  Tire  control  .party  docs  not  exercise  the  capability 
of  effecting  weapon  settings  (preset  or  synchronous). 

Instead  of  attempting  to  cover  fire  contrpl  errors  at  both; the  target 
localization  and  weapon  direction  portionc  of  the  problem,  the  fire 
control  personnel  can  bring,  about  the  best  selection  of  settings  by 
providing  the  beat  possible  solutlpri  for  target  posltloin  Given  an 
accurate,  picture  of  the  target's  posltionj  including  reliable  error 
terms,  the  computer  can  determine  the  best  weapon  settings  to  ensure 
the  highest  probability  of  target  kill; 

Since  the  active  control  of  weapon  functions  Is  not  considered  a  fire 
control  console  assignment,  she  monitoring  of  the  acceptance  of  the 
computed  functions  Into  the  weapon  has  been  assigtied  to  the  monltorin,3 
station  In  the  control  room. 
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Firing  a  toi^edo  at  a  target  is  equivalent  to  firing  over  a  surface  of 
prq^bie  target  positions.-  Since  the  nature  of  this  probability  sur¬ 
face  can  be  computed  for -each  target  (lief.  based  on  the  target 
localization  data^  It  Is  reasoned  that  to  effectively  exploit  this 
known  function  the  yfea pens- must  be  dl«-ected  and  fired  In  compliance  with 
this  function,  if  the  maximum  pooqiblllties  of  killing  the  target  are 
to  be  realized.  Thus,  it  Is  assumed  that  the  spread  separation^,  firing 
times j  and  firing  order  for  a  salvo  of  torpedoes  will  be  determined,  by 
the  computer.  This  does  not  Imply^  however,  that  ther  computer  Will 
fire  at  Its  pleasure,.  For  a  single  weapon  or  .a  spread,  an  operator 
will  Instruct  the  computer  (based  on  the  C.O.'s  decision,  to  fire)  to 
commence  firing,  but  the  time  sequence  between  each  weapon  will  be  coh^ 
trolled  by  the.  computer. 

5.4.3  Post.-flrlhg  .Ouidance. 

As  in  the  case  of  weapon  preset  and  synchronous,  functions  the  computer 
will  direct  the  wire-guided  torpedo  after  launching.  The  necessary 
input  for  this  control >  an  error  signal  Indicating  the  deviation  between 
weapon  course  and  correct  course  to  target.  Is  .available  ih:pre3eht 
fire  control  systems  where  operators  manually  control  the  wireiguldes 
-after  firing. 

There  are  a  number  of  considerations  which  might  mitigate  the  argument 
for  such  an  automatic  control  loop.  First,  the  bearing  data  avail¬ 
able,.  which  the  human  controller  averages  to  guide  the  weapon  rather 
than  attending  to  a  particular  perturbation,  is  highly  unstable.  Hpw- 
e''er,  with  the  envisioned  sampling  rates  of  proposed  surveillance  systems 
(1  bearing  per  c  sec.)  it  becomes  questionable  how  well  the  human 
will  serve  as  an  averaging  device,  yet  in  any  case  .a  computer  can  be 
programmed  to  provide  averaged  data  by  rigorous  statistical  means. 

Secondly,  the  human  can  intentionally  cause  a  weapon  zlg  Imnsdiately 
prior  to  hitting  the  target  to  bring  about  <»  favorable  Impact  angle, 

It  seems,  in  that  ease,  whore  the  tai-get's  course  Is  known  precisely 
enough  to  enable  such  control,  that  the  computer  could  easily  be  pro¬ 
grammed  to  achieve  this  same  favorable  angle. 
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'Mnally,  for  those  weapons  whoi'e  the  distance  before  enabling  may  be 
changed  after  launching,  the  enabling  point  uan  be  set  by  the  computer 
as  a  constant  distance  from  the  target,  That  is,,  If  updating  of  the 
target  shows  that  the  target  has  zlgged  since  the  initial  setting  of 
enabling  run j  the  computer  can  reprogram  the  weapon  to  have  ah  enabling 
alstanoe  commensurate  with  the  target's  now  position.  The  same  reason¬ 
ing  also  applies  to  the  mh-to-burst  parameter. 

In  aummaryj  It  appears  that  the  task  of  controlling  and  guiding  weapons 
can  be  asaumed.  more  and  more  by  the  .computer  and  that  the  fire  oohtroT 
party's,  effort  should  shift  toward  providing  the  beat  .possible  Information 
oh  the  target  which  the  computer  can  use  In  Its.  equations  to  accurately 
direct  the  weapons. 

5^  OPERATIONAL  DESCRIPTION 
5,5.1  Qeheral 

The  fire  control  console  has  been  designed  to  Incorporate  the  following, 
major  features j 

1)  simultahepua  handling  of  four  targets  and  four  weapons. 

2)  direct  utilization  of  human-detemlned  target  parameter  es¬ 
timates  in  the.  computer  localization,  aolutlohi 

3)  detection  of  target  *igs  by  means  of  visual  displaya. 

evaluation  of  localization  Solutions  by  means  of  calculated 
kill  probabilities. 

5)  automatic  determination  and  Insertion  of  keapbn  control  func¬ 
tions  by  the  computer. 

6)  a  means  of  solving  the  "ambiguous"  consort  trlangulation 
problem. 

The  fife  control  console  {.Pig.  5-1)  is  intended  for  use  by  three  operas 
tors  and  a,  fire  control  coordinator.  The  task  of  the  center  operator 
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is  the  operation  and  monltbrlrife  oi'  a  tactical  display  and  the  tube  and 
weapon  status  panel.  On  each  side  of  the  center  position  ara  two  tar¬ 
get  analyzer  sections,  each  containing  the  necessary  displays  and  con¬ 
trols  for  analysis  of  a  single  target.  A  single  person  operates  and 
controls  two  analyzer  sections. 

Under  battle  conditions  all  three  operators  will  be  required  for  opera¬ 
tion,  but  during  nbmal  cruising  condlt-*  jhs,  when  ho  more  than  two  tar¬ 
gets  are  being  tracked,  the  console  cer  be  operated  as  a  tracking 
facility  by  one  or  two  operators. 

Physically,  the  console  is  7  ft  6  Inches  wide  and  5  ft  1-1/^  Inches 
high.  The  lower  panel  reserved  for  keyboard  functions  Is  10  ft  deep 
and  slopes  1^°  from  the  horizontal.  Above  this  panel  Is  a  22 -Inch 
surface  sloped  backwai^  10*^  from  the  vertical.  The  top  panel  la  12 
Inches  high  and  ^  slOped  20°  toward  the  operators.  The  ^ctlcal  dls? 
play  panel,  centered  on  the  console.  Is  at  an  angle  of  6o°  and  Is  28 
Inches  wide.  Above  the  tactical  display  Is  a  12-.lhch  vertical  panel. 

5i5.2  Target -Analyzer 

The  capability  of  tracking  four  targets  simultaneously  requires  sepa¬ 
rate  areas  to  provide  for  Information  relevant  to  each.  On  the  pro¬ 
posed  console  two  target  analyzer  panels  are  placed  On  each  side  of 
the  tactical  display.  This  arrangement  allows  Interchange  of  visual 
and  verbal  Infpmatlori  between  the  operators  pf  the  target  analyzers 
and  the  tactical  display  operator.  AlsO  the  fire  control  coordinator 
can  supervise  all  aspects  of  the  console  easily. 

Each  operator  has  Single  keyboard  to  Insert  Ihfornatlon  Into  either 
of  two  analyzer  panels  arid  the  tactical  display.  The  main  features 
of  the  analyzer  panels  are  the  Target  Data,  Target  Localization  (the 
major  Interface  between  the  operator  and  the  computer),  and  the  zig 
detection  displays. 
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Alpha-numeric  displays  have  been  used  for  the  Target  Data  and  IDtrget 
Localization  displays  in  order  to  incorporate  a  flexibility  into  the 
presentation  of  target  information  which  is  hard  to  realize  with 
permanent  counters  and  readouts. 

For  any  target  it  is  possible  to  have  a  variety  of  input  data  which 
may  be  used  in  achieving  a  localization  solutloi.  sufficiently  adeqiate 
for  weapon  firing.  This  data  may  be  either  sensed  via  own  ship  sensors 
or  estimated  by  hiiman  oper/.t6rs»  However*  seldom  is  the  same  type  of 
data  available  for  different  targets.  Of  that  data  which  is  available 
for  target  localization  .not  all  should  necessarily  be  entei^d  into  the 
computer  for  processing.  Thus  it  seems  reasonable  to  present  to  the 
fire  control  party  all  information  concerning  target  behavior  (Target 
Data  display)  and  allow  these  persons  to  evaluate  and  select  from  this 
same  information  that  which  appears  appropriate  for  use  in  computer 
processing. 

By  similar  reasoning*  selected  localization  inputs  should  not  be  pro¬ 
cessed  by  all  available  processing  modes  simultaneously.  That  is* 
there  exists  a  number  of  solution  methods  (computer  routines)  by  which 
the  target  can  be  localize.  Seldom  are  all  these  routines  appropriate 
to  the  same  target  and  all  use  the  input  data  in  different  ways  to 
provide  varying  kinds  of  output  information  on  target  parameters.  By 
means  of  the  analyzer  keyboards  the  operators  may  select  both  the 
localization  routine  and  the  input  data  which  seem  appropriate  for  that 
target.  In.  addition,  by  using  the-  satne  target  Inputs  in  different 
routines  and  by  using  more  than  one  localization  routine  the  operator 
can  evaluate  the  various  localization  solutions  to  obtain  the  best  one. 

5.5.3  Target  Data  Display  (Fig.  5-1) 

This  display  presents  all  sensed  and  estimated  data  available  for  the 
centaot  shown  in  the  upper  left  of  the  tube  face. 

Oh  the  left  side  of  the  display  Inl'ormatloh  obtained  from  own  ship 
sensors  is  presented  showing  source,  error  terms,  and  the  time  of  sensing. 
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The  right  side  of  the  screen  contains  human  estimates  of  target  para¬ 
meters  (ihciudlhg  error  terms)  Inserted  froni  the  several  sonar  stations. 
The  catagories  of  estimates  are: 

S  niax,  R  m^,  C  max,  D  max  -  maximum  speed,  range,  coirse,  depth 

S  min,  R  mlh,  C  mlhi  D  min  -  minimum  speed,  range,  .'sourse,  depth 

S  eat,  R  eat,  C  est,  D  est  -  actual  speed,  range,  course,  depth 

5.5»^  Target  Localization. Display  (Fig.  5-2)' 

Directly  below  the  data  display  Is  the  localization  display  which  shows 
the  computed  solution  of  range,  course,  and  speed  based  on  the  selected 
localization  routine  and  Inputs  of  target  data. 

The  solution  routines  available  are: 

Relative  Motion  (RM):  complete  solution  based,  on  target  bearings 
plus  one  target  parameter  during  a  single  leg  of  own  ship 
track.  A  separate  solution  may  be  obtained  for  each-  leg  of 
own  ship  track. 

Quick  Ranging  (QR)  :  a,  single  range  obtained  at  time  of  own  ship 
zlg  based  oh  bearing  face  differences  on  the  two  legs. 

Mode  2:  a  bearlngs-only  solution 

Mode  2h !  a  bearlngs-only  solution  using  one  or  more  target 
parameters. 

Maneuvering  Target  (MT);  solution  for  each  separate  leg  of  track 
for  a  zlgglrig  target  from  which  a  mean  advance  cout-se  and 
range  can  be  obtainedi 

Progressing  to  the  fight  across  the  dlsplayj  the  first  coluirm  shows 
the  routl;ie  selected  and  the  accumulated  time  that  routine  has  been 
In  progress.  For  the  felative  motion  cases,  this  column  also. shows 

that  part  of  the  output  of  this  routine  fesulv.i.ng  from  bearing  pro- 

«  •• 

cessing  only:  beaflng  (B)j  beaflng  fate  (B);  bearing,  acceleration  (B);- 
felative  angle-pn-theTbow  (a);  least  speed  (SL).  th  the  secpnd  epiumh 


172 


CONflDENTIAL 


CONFIDENTIAL 


CONFiDENTlAL 


CONFIDENTIAL 


ajppears  the  Input  data  (coded)  from  the  data  display  to  be  used  In  the 
routine  In  question.  The  third,  fourth,  and  fifth  columns  are  the  com¬ 
puted  target  parameters  and  their  associated  errors  based  on  the  selected 
routine  and  input  data. 

At  the  bottom  of  this  screen,  under  "Weapon  Calculation j"  appears  the 
routine  on  which  kill  probability  (KP)  and  Weapon  direction  parameters 
are  computed. 

5.5.5  Analyser  Keyboard  (Fig.  5-3) 

Each  keyboa^  is  comprised  of  a  series  of  labeled  buttons  for  program¬ 
ming  the  computer  arid  a  single  line,  alpha-numeric  unit  for  displaying 
the  ordered  lnatin;ctlohs  prior  to  entry  into  the  computer. 

•me  "Analyser"  column  contains  the  buttons  for  choosing  the  c6rw.ct 
analyser  to  receive  the  instructions.  One  of  the.  analyser  buttons  must 
be  depressed  for  each  set  of  Insthictlohs.  in  the  "Address"  column 
selection  is  made  as  to  the  processing  of  the  target  data  inputs.  In¬ 
formation  may  be  addressed  to  three  processing  units  of  the  computer- 
display  complex;  computer  routine^  the  tactical  display,  and  Weapon 
calculations  for  determining  kill  probability  and/of  weapon  directions. 

By  means  of  the  "Input  Type"  and  "input"  sections  of  the  keyboard  the 
operator  can  select  the  desired  target  input  data  to  be  used  in  the 
computer  routine.  The  target  data  available  appears  in  the  Target  Data 
Display  at  the  top  of  the  analyzer  panel. 

To  display  kill  probability  oh  the  Target  Localization  Display  the 
operator  must  select  both  the  appropriate  weapon  and  the  computer  routine 
oh  »^lch  the  calculation  is  to  be  based. 

The  "Tube"  column  is  for  assigning  the  analyzer's  target  to  a  tube  for 
weapon  direction  and  firing  purposes^  The  assignment  of  the  weapon  to 
the  tube  -and  thus  the  target-  occurs  in  th,-  "weapon  select"  section 
of  the  keyboard  beside  the  tactical  display. 
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5t5.6  Zlg  Detection  (Fig.  5-M) 

TSie  principal  display  for  detection  of  a  target  zig  Is  a  CRT  Which 
presents  the  probability  that  a  zlg  has  occurred  as  a  function  of  time. 
ThlS'  measure  is  based  on  the  history  of  target  bearings  and.  lags  slightly 
behind  (1~3  minutes)  the  actual  target  zlg. 

The  target  analyzer  operator  detects  a  zlg  by  deciding  Vfhen  the  zlg 
curve  differs  significantly  from  the  Initial  basellnet  As  an  aid  to 
zlg  detection,  a  criterion  line  for  a  zlg  Is  prescnied  oh  the  display, 
mis  line  Is  based  oh  a  mathematical  treatment  that  a  zlg  will  have 
occurred  wheh  the  curve  reaches  this  crlterloh  line. 

5. 5* 6.1  Sensitivity  Control 

This  cohtrol  knob  allows  the  setting  of  the  baseline  for  the  zlg  curve 
as  determined  on  a  straight-running  consort  vessel. 

515.6.2  Time  Scale  control 

This  flve-posltlon  selector  switch  Is  used  to  select  a  particular  time 
scale  over  which  the  zlg  curve  la  displayed.  The  time  scales  available 
are:  1,  5,  I5,  30,  and  60  minutes. 

5.516.3  Crlterloh  Control  and  Zlg  Indicator 

itiis  knob  allows  adjustment  of  tho  criterion  level.  Wheh  the  zlg  curve 
reaches  this  preset  crlterloh^  a  zlg  Indicator  to  the  right  of  the  malh 
zlg  display  flashes  to  indicate  a  zlg  has  occurred-  In  reference  to  the 
criterion. 

5*5. 6.^1  Cursor  Control  and  Zlg  Entry  Button 

This  cohtrol  moves  a  vertical  cursor  along  the  time  abscissa  of  the 
zlg  detector  display.  Its  function  Is  to  inform  the  computer  at  What 
time  the  operator  corislders  a  zig  occurred.  By  depressing  the  zlg 
entry  button,  after  setting  the  cursor,  the  computer  Is  commanded  to 
compute  the  time  since  last  zlg  and  the  mean  zlg  time  for  all  previous 
zlgs  of  this  target.  These  times  are  di.-played  In  the  readouts  desig¬ 
nated  "Time  Since  Last  Zig"  and  "Mean  Zlg.  Time,"  respectively ., 
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5,5.7  Tactical, Dlaplay 

The  tactical  display  (Fig.  5-1)*  located  at  the  center  of  the  console* 
Is  a  summary  representation  of  the  current  solution  status  of  all  tar¬ 
gets  and  consorts  taken  together.  It  essentially  portrays  the  Indi¬ 
vidual  quantified  target  data  In  analog  form.  Its  Intended  uses  are; 

1)  a  means  of  conceptualizing  the  total  tactical  situation, 

2)  a  means  of  conceptualising  the  discrete  data  oh  any  target  to 
form  a  decision  for  the  next  step  in  the  localization  solution. 

3)  to  resolve  ambiguities  arising  In  the  consort  trlangulatlon 
solution. 

4)  to  supply  a  "mean  advance  course"  for  the  zlgglng  target. 
5«5*7«1  The  Display 

The  dlaplay  Is  generated  oh  a  20-lnol'  square  screen. 

Own  ship  Is  represented  by  the  symbol  $'wltl  a  tall  whose  direction 
and  lehgth  represent  course  and  speed.  Own  ship's  symbol  both  rotates 
and  translates.  Quantitative  readouts  of  own  ship's  speed*,  course,  and 
depth  are  located  to  the  right  of  the  screen. 

Targets  are  designated  by  the  symbol  □  and  their  appropriate  numeric 
designators.  The  ways  of  representihg  the  target's  location  are 
dependent  on  the  amount  and  type  of  Information  available. 

If  only  bearing  Information  Is  available,  the  location  of  the  target 
Is  represented  by  a  single  bearing  line  fiw  own  ship. 

If,  In  addition  to  bearing  Information,  a  maximum  and/or  mlnlmvM  range 
become  available,  a  shaded  area  on  the  bearing  line  will  be  cut  off 
to  reflect  these  limits. 

When  bearings  and  an  absolute  range  are  obtalnfi,  the  target  Is  repre¬ 
sented  by  the  symbol  Q  at  the  correct  point  with  the  uncertainty  In 
range  displayed  as  a  shaded  area  around  the  3yml)ol. 
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If  a  complete  solution  Is  made,  the  target  Is  represented  by  the  symbol 
and  a  tall  to  Indicate  course  and  speed. 

If  a  maximum  speed,  maximum  range,  and  maximum  course  are  knpvm  for 
the  target  a  shaded  triangle  will  be  displayed. 

The  consort  Is  represented  by  the  symbol  6  and  Its  bearings  to  targets 
by  dashed  lines.  The  reason  for  displaying  the  consort's  target  bear- 
Ings  Is  to  solve  ambiguities  which  arise  oh  own  ship's  targets  bearing 
lines,  if  the  consort's  bearing  crosses  two  of  own  ship's  target  bear¬ 
ings,  the  display  will  aid  in  determining  change  of  position  instruc¬ 
tions  to  the  consort  to  eliminate  the  ambiguity. 

Three  controls  are  provided  for  the  display  itself!  Intensity,  range 
scale,  and  own  ship  location.  Intensity  simply  controls  the  brightness 
of  the  symbols  on  the  screen,  “nie  range  scale  selector  swl^h  provides 
the  capability  of  selecting  1,  i,  4,  10,  20,  or  46  miles  for  the  dis¬ 
play  range.  The  display  posltibnlng  control  is  a  small  Joystick,  free 
to  move  in  any  dlrnhtlbn.  Movliig  this  stick  upward  moves  the  own  ship 
symbol  north,  etc.,  and  at  the  same  time,  preserves  the  spatial  rela¬ 
tionships  of  the  display  by  moving  all  symbols  a  corresponding  amount. 

5.5.8  Keyboard 

The  Infomatloh  presented  on  the  tactical  display  may  be  controlled  by 
the  keyboard  beneath  the  display,  as  well  as  by  the  analyzer  keyboaifdB. 
The  controls  consist  of  four  buttons  labeled  A,  B,  C,  and  D  for  pre¬ 
sentation  of  bearing  and  range  data  of  the  four  analyzers.  Individually. 
A  fifth  button,  labeled  "All  Contacts,"  dlsplaysi  In  addition  to  the 
analyzer  contacts,  the  bearing  lines  for  all  other  contacts  currently 
being  tracked  by  all  ship's  sensors.  This  latter  capability  Is 
Incorporated  for  determining  consort's  target, 

5.5.9  Tube  and  Weapon, Status  Panel  (Fig.  5-1) 

This  area  is  located  at  tne^top  of  the  console's  center  section  and 
the  associated  controls  are  at  the  right  of  the  tactical  display  screen. 
The  main  purpose  of  this  section  is  to  present  information  regarding 
the  state  of  readiness  of  weapons  and  tubes. 
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The  four  tube  columno  (labeled  1  through  h)  at  the  center  of  the  panel 
present  Information  relevant  to  the  preparation  status  of  the  weapons 
In  the  tubes.  As  mentioned  previously,  the  target  analyzer  operator 
assigns  his  target  to  a  tube  (or  tubes  If  a  spread  Is  to  be  fired). 
This  target  designator  la  displayed  below  the  tube  number.  The  weapon 
to  be  fired  at  the  target  may  be  selected  by  the  tactical  display 
operator,  or  attack  coordinator,  by  means  of  the  weapon  buttons  on  the 
panel  to  the  right  of  the  tactical  display.  The  weapon  selected  Is 
displayed  below  the  target  designator  on  the  status  panel. 

Below  the  weapon  designation  readouts  are  three  readouts  to  Indicate 
guidance  and  firing  rnddes.  The  guidance  modes  (bearing- rides,  correc- 
ted-lnteroept,  or  preset)  are  selected  by  the  center  operator.  These 
modes  apply  only  to  wlre-gulded  weapons  and  the  readout  will  Indicate 
"normal”  when  other  weapon  types  are  used.  Firing  mode  can  be  either 
silent  or  normal,  the  latter  being  the  Impulse  mode.  The  choice  Is 
based  on  tactical  considerations. 


The  weapon  preparation  steps  are  displayed  In  five  readouts  In  each 
tube  column.  There  la  a  fixed  but  variable  tine  sequence  of  steps  to 
prepare  any  weapon.  The  operator  orders  the  steps  by  pressing  a  single 
button  once  for  each  stop.  As  each  step  is  ordered  a  light  comes  on 
behind  the  corresponding  readout  when  that  step  Is  completed.  Hie  or¬ 
ders  resulting  from  depressing  the  "required  order"  button  are  commands 
primarily  to  the  torpedo  room  personnel  to  take  the  action  indicated. 
The  weapon  preparation  steps  are: 


Weapon  Ready 

Flooded  - 
Door  Open  - 
Armed  - 
Ready  - 


-  load  weapon,  connect  cables,  turn  on  heater  power, 
etci 

tube  Is  flooded 

outside  door  Is  open 

weapon  is  aimed  and  gyro  uncaged 

weapon  Is  ready  In  all  respects 
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At  the  bottom  of  each  tube  colunin  are  three  readouts  to  Indicate  "Firing 
Response,"  "Firing  Tltne,"  and  "Weapon  Malfunctions  and  Warnings*"  In 
the  case  of  a  spread,  the  firing  order  Is  determined  and  displayed  by 
the  computer  In  the  firing  response  i*eadout#  When  a  weapon  Is  fired 
the  word  "Fired"  appears  In  this  readout*  The  firing  time  readout 
displays  the  count-down  time  until  the  firing  of  a  particular  weapon. 

The  display  hear  the  bottom  of  the  status  panel  Indicates  for  each 
tube  ani'  weapon  warnings  or  malfunctions  which,  have  been  detected  by 
the  monitoring  circuits  "Malfunctions"  suggest  a  probable  mission 
failure  while  "warnings"  serve  notice  that  the  weapon  Is  reaching  a 
limit  and  a  controlling  action  niay  be  demanded. 

To  the  right  of  the  tube  column  is  the  available  weapons  display.  The 
right-hand  bolumh  presents  the  number  and:  types  of  weapon  oh  board  the 
vessel  and  the  left-hand  column  the  weapons  available  for  immediate 
firing  as  a  function  of  their  storage  position. 

The  keyboard  associated  with  the  tube  and  weapon  status  .i^nel  is 
located  to  the  right  of  the  tactical  display.  Four  buttons  across  the 
top  of  the  keyboard  are  numbered  to  correspond  with  the  four  torpedo 
tubes.  Each  time  an  order  Is  Inserted  a  tube  number  must  be  pressed 
to  route  the  order  to  the  proper  location. 

To  assign  a  weipbn  to  a  tube,,  the  operator  presses  the  appropriate  tube 
button  and  the  weapon  button. 

"Wire  Guidance"  and  "Silent  Override"  are  used  to  select  the  wire  guidance 
mode  and  to  select  silent  launching  over  the  normal  launching  mode* 

The  three  buttons  labeled  "Eject",  "Abort",  and  "Fire"  are  used  to 
select  the  disposition  of  the  weapon  after  the  preparation  sequence 
has  begun.  "Eject"  forces  the  weapon  Into  the  water*  "Abort"  stops 
the  preparation  sequence  by  holding  all  wtapoh  functions  -at  their 
present  state*  "Fire"  sends  weapon  on  Its  mlasloh. 

The  weapon  preparation  button  orders  steps  In  the  preparation  sequence, 
it  must  be  pressed  once  to  initiate  each  step. 
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VI 

COMMAND 


6.1  INTRODUCTION 

"Command"  Is  that  functional  unit  of  the  submarine  system  concerned 
with  the  coordination  and  direction  of  the  system's  activities.  The 
most  general  characterization  of  the  foie  of  the  commanding  officer  la 
found  In  Article  0701.1  of  the  "United  States  Navy  Regulations:" 

"The  raapohslblllty  of  the  commanding  officer  for  his 

command  Is  absolute . The  authority  of  the  commanding 

officer  la  commensurate  with  his  responsibility,  sub¬ 
ject  to  the  limitations  prescribed  by  law  and  these 
regulations.  While  he  may... delegate  authority  to  his 
subordinates  for  the  execution  of  details,  such  dele, 
gatlon  of  authority  shall  in  no  way  relieve  the  commands 
Ing  officer  of  hla  continued  responsibility  for  the 
safety,  well-being,  and  efficiency  of  his  entire 
command."  (pg.  8l) 

Thus,  In  the  general  case.  It  Is  clear  that  the  responsibility  for 
all  activities  within  a  conroand  rests  with  the  commanding  officer}  It 
Is  likewise  acknowledged  that  the  extent  and  nature  of  the  myriad 
tasks  precludes  the  commanding  officer's  performing  all  of  these  him¬ 
self,  necessitating  the  delegation  of  tasks  to  subordinStvj .  One  prob7 
lem  facing  any  commander,  then,  is  that  of  dividing  tasks  among  subor¬ 
dinates  and  reserving  for  himself  only  those  tasks  which,  by  virtue  of 
his  special  quanfications  and  ultimate  responaibHlty,  he  can  perform 
beat.  Such  ta;!:  division  Is  facilitated  by  the  Navy  Regulations,  which 
outline  some  of  the  commanding  officer's  specific  responsibilities  as 
well  f»a  delineating  the  function(s)  of  his  subordinate  officers  (for 
example,  the  Executive  Officer)  and  the  general  ship's  organization, 
in  short,  general  guidelines  for  task  delineation  and  assignment  are 
laid  down  by  the  Navy  Regulations.  Thus,  the  commanding  officer 
operates  within  a  framework  established  by  the  naval  organization  which, 
together  with  tr-^dltlons  and  precedents,  detennine  the  primary  means  by 
which  command  Is  exercised. 
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ITie  fundamental  function  of  the  commanding  officer  is,  then,  by  defini¬ 
tion,.  the  organization  and  coordination  of  the  men  and  the  machines  of 
the  sub-systems;  the  over-riding  aspect  of  this  control  is  to  direct 
these  subsystems  into  accordance  wltli  the  role  defined  for  them  by  the 
naval  hierarchy  and  with  national  policy.  That  is,  the  commanding 
officer  serves  as  a  supei'-ordlnate  llni<  designated  to  control  the  acti¬ 
vities  of  the  system  proper,  coordinate  with  the  demands  of  the  larger 
external  system  (organization'  of  which  the  submarine  is  a  unit.  The 
direction  thus  provided  consists  of  decisions  reached  from  a  basic 
awareness  of  the  submarine's  role  in  a  larger  context  and  the  integra¬ 
tion  of  the  submarine  nub-systems  to  achieve  effectively  and,  if  possi¬ 
ble,  optimally,  its  designated  mission.  The  means  by  which  this  is 
achieved  is  defined  by  the  hlerarchlal  organisation  of  the  submarine 
system,  in  which  the  commander's  function  as  an  integrator  of  both 
systems-spoclf Ic  and  higher-order  considerations  has  been  delineated. 


From  this  point  of  view,  the  orlmary  basis  for  the  coimnand  function  is 
the  flow  of  Information  from  the  naval  hierarchy  and  the  submarine  sub¬ 
systems  to  the  commanding  officer.  A  diagram  of  the  role  of  command 
within  the  submarine  system  is  depicted  in  Figure  6-1. 


FIG.  <-1  RELATION  OF  COMMAND  TO  FlWCTIONAL  AREAS 

OF  The  submarine 
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This  simplified  statement  defines  cominand  In  terra!i  of  Information- 
transmission  In  a  closed  loop  system}  commands  are  Issued  to  direct  the 
activities  within  functional  areas  or  sub-systems  which  provide  feed¬ 
back  regarding  the  results  of  those  activities.  It  Implies  that  the 
ccmmander  serves  solely  as  an  Information  processor-decision  makerj 
he  Initiates  action  through  commands  based  on  Informational  needs, 
evaluates  (weighs)  Information  derived  from  that  action,  and  employs 
It  to  further  direct  the  activities  In  any  or  all  sub-systems  and, there¬ 
fore,  directs  the  operation  of  the  ship  Itself,  These  tasks  are  con¬ 
tinuous  and  often  simultaneous,  In  that  the  commander  is  often  eoheerhed 
with  more  than  one  sub-system  at  a  time.  In  addition,  he  must  Integrate 
the  coordinated  ships  activities  with  the  over-rldlng,  external  demands 
of  national  policy,  ship's  mission,  etc.;  thus,  command  decisions  operate 
bn  two  levels,  one  of  '■cordlhatlng  sub-system  activities  among  themselves 
and  the  other  of  Integrating  system  performance  with  higher-order  ex¬ 
ternal  demands  upon  the  system. 

Figure  6 -a  Is  a  more  detailed  schematic  repnsentatlon  of  command  func¬ 
tioning}  while  still  simplified.  It  is  a  better  Indicator  of  the  prob¬ 
lem  as  It  currently  exists. 

The  several  external  sources  of  system  "forcing  functions"  are  indi¬ 
cated  at  the  left  of  the  schematic}  these  sources  may  be  thought  of  as 
providing  Infomation  which  constrains  and  directs  the  coamander.  It 
la  the  commander's  prlmai^  responsibility  to  direct  the  system  so  as 
to  aehl»-ve  Its  goal  as  defined  by  and  In  accordance  with  the  constraints 
and  directives  provided.  Each  source  provides  an  "Input"  to  the  com¬ 
mander}  such  Input  infoimatlon  is  stored  (memory^  written  documents, 
etc. ) . 

Information  from  these  sources  possesses  various  degrees  of  relevance 
or  significance,  indicated  by  the  variable  gain  (g)  assignment  to  each. 

It  is  presumed  that  this  structuring;  either  Inherent  In  the  Infomatloh 
or  imposed-  on  It  by  the  commander,  will  affect  Its  storage  and  avall-i 
ability  from  storage;  It  Is  also  the  case  that  sighiflcahoe  varies 
within  information  from  each  source.  The  net  effect  of  this 
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FIGURe  *-2  THE  COMMAND  FUNCTION 
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information  la  to  detemJne  command  behavior.  In  the  aense  that  It 
‘'forces"  him  to  make  decisions  (for  example,  prepare  ship  for  leaving 
port)j  such  decisions  are  also  partly  determined,  or  affected,  by  In- 
fomiatlon  from  the  system  Itself  (for  example,  operating  status  of,  the 
several  sub-systems).  In  terms  of  the  schematic.  Information  flows 
from  storage  through  a  variable  filter  (this  variability  Is  -represer.r-ed 
by  b  In  the  schematic)  which  "selects"  certain  Information  as  a  basis 
for  actlonj  this  information  Is  then  "summed"  with  information  from 
the  various  sub-systems  and  a  decision  mefe.  The  nature  of  the 
decision  determines  which  of  the  sub-systems  Is  (are)  Involved,  and 
which  of  the  command  alternatives  for  each  sub-system  will  be  selected 
for  Issuance, 

The  sub-systcm(a)  affected  by  the  coinmand  decision  and  the  specific 
c!lrectlve(a)  Issued  determine  the  nature  of  feedback  Information,  The 
specific  sources  of  feedback  la  (are)  the  dl8play(s)  at  a  given  aub- 
aystem  operating  station}  the  available  Infuimatloh  may  be  relayed  to 
the  commander  by  a  man  at  the  station  or  may  be  read  by  the  commander 
directly  from  the  display.  Both  of  these  means  may  be  adequate  when 
concern  Is  directed  toward  one  sub-system  only;  in  cases  where  feedback 
from  more  than  one  sub-system  occurs  simultaneously}  the  commander  la 
faced  witn  multiple  voice  communications}  the  necessity  for  being  in 
two  places  at  the  same  time  and/or  delegation  of  the  declSloii-maklng 
task.  In  addition,  feedback  Information  from  each  station  or  sub¬ 
system  must  be  flltefea,  since  either  more  Infomstloh  Is  likely  to  be 
available  than  the  commander  can  effectively  use  or  some  of  the  Infor¬ 
mation  may  be  Irrelevant  at  the  moment,  ^fthefmore.  Information  pj-o- 
vlded  is  not  necessarily  encoded  optimally  for  oonraahd}  therefore, 
command  encoding  may  be  necesaary.  These  tasks  ara  evident  in  the 
schetaatic,  which  Indicates  alternative  selection  of  sub-systems,  poten¬ 
tial  difectivea  for  each  of  these,  and  feedback  from  either  the  display 
or  from  the  sub-system  per  se  (or  loth),  '''he  filter  through  which  this 
infoiwatlon  flows  la  variable  In  that  the  InfofmaWon  aelocted  by  the 
commander  at  any  given  time  from  s  given  sub-systerh  wiil  vary}  encoding 
may  or  may  riot  be  required. 
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Concern  has  thus  far  centered  upon  those  aspects  of  command  function 
indicated  by  the  schematic}  it  has  already  been  indicated  that  the 
schematic  represents  a  simplification  of  the  functions  of  coirmand. 

The  basic  tasks  and  problems  of  evaluating  and  integrating  Information 
to  reach  appropriate  decisions  have  been  suggested?  the  task  is  more 
complex  than  indicated,  since  difficulties  in  interpreting  information 
as  encoded  by  the  sub-systems,  reception  of  simultaneous  information, 
the  utilization  of  stored  information,  the  availability  of  stored  in¬ 
formation,  and  the  levels  of  consideration  discussed  earlier  are  only 
generally  indicated  In  the  schematic  and  its  accompahylhg  descrdption. 
Further,  those  considerations  of  task  delegation  necessary  to  the 
operation  of  the  system  have  been  largely  Ignored.  Finally,  it  should 
also  be  apparent  that  the  sub-systems  ‘ncluded  in  the  schematic  are 
only  a  sample  of  those  which  exist  aboard  a  submarine.  Fig,  6-a 
serves  as  a  basis  for  a  definition  of  at  least  one  Important  command 
problem  and,  moreover,  points  the  way  toward  a  solution. 

The  fundamental  assumption  Inherent  in  Pig.  6-2  is  that  the  role  of 
a  commander  is  that  of  processing  Infomatiou  and  making  decisions  on 
the  basis  of  that  Infonnatlon.  It  is  in  this  way  that  he  carries  out 
the  function  of  command,  which  is  the  direction  of  system  activity  in 
accordance  with  the  defined  mission  of  the  system  and  within  whatever 
constraints  are  imposed  by  higher  authority,  the  environment,  and/er 
unpredicted  circumstances.  The  comriiand  tasks  implied  are? 

1)  assessing  the  mission  he  is  assigned  and  the  directives 
regarding  it 

2)  determining  the  activities  necessary  to  carry  out  this  mission 
and  the  commands  they  require 

3)  determining  the  information  required  for  ah  effective  choice 
among  alternative  commands  and/or  inl'ormatlon  necessary  to  issue 
commands 

It)  the  initiation  of  activities  to  provide  necessary  Information 
and/or  achieve  some  objective 
5)  the  assessment  of  information  provided 

im 
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6)  the  choice  and  Issuance  of  a  given  command 

7)  the  evaluation  of  actions  resulting  from  commands 

These  tadks  may  be  summarized  as: 

1)  determining  Infomatlon  needs  and  initiating  activity  to 
provide  that  information 

2)  evaluating  information  gathered 

3)  selecting  a  response  alternative 

U)  evaluating  results  of  responses  (feedback) 

It  la  assumed  that  the  primary  tasks  are  as  pertinent  to  the  ordering 
of  ship's  stores  as  they  are  to  the  direction  of  a  torpedo  attack. 

Thus,  the  commanding  officer's  basic  functions  are  relatively  constant 
throughout  all  stages  of  the  ship's.  Mission,  although  the  specific 
decisions  to  be  msile  will  change  as  3  function  of  the  changing 
situation. 

6.2  THE  PRESENT  APPROACH 

Inspection  of  Fig.  6-2  reveals  specific  tasks  imposed  on  the  commander 
which  undoubtedly  engender  inefficiencies  In  performance:  these  tasks 
may  be  generally  characterized  as  information-processing  tasks  and  they 
are,  specifically: 

1)  Selecting  appropriate  infomatlon  from  storage 

2)  Weighing  the  significance  of  that  Information 

3)  Integrating  It  with  at  least  5  sources  of  feedback  infomatlon 

if)  Sensing,  feedback  infomatlon  from  at  least  5  display  sources, 
disparately  located,  or  receiving  potentially  multiple  voice  com¬ 
munications  j  or  some  combination  of  these 

5)  Selecting  appropriate  infomatlon  from  all  the  feedback 
provided 
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6)  Encoding  the  filtered  feedback  Into  a  fonri  most  readily  util¬ 
ized  and  moat  meaningful  for  his  purposes 

7)  Weighing  the  appropriate  feedback,  sending  some  to  storage  and 
utilizing  the  remainder., 

It  has  already  been  said  of  the  command  function  that  Its  goal  Is  the 
coordinated  direction  of  ship's  activity  Integrated  with  hlgher-brder 
directives.  Therefore,  the  central  "Integrator"  Is  a  necessajjy  command 
function  and  the  sole  responsibility  of  the  commanderj  however,  the 
commander  can  be  relieved  of  much  or  all  of  peripheral  encoding,  fil¬ 
tering,  and  Integrating,  This  possibility  is  Illustrated  In  Klg,  6-3, 
which  shows  that  the  output  from  the  several  sub-systems  Is  filtered, 
e. (coded,  sujfimcd,  or  Integrated,  and  finally  displayed  to  the  commander, 
who  need  only  evaluate  the  significance  or  worth  of  the  Infomatlon 
displayed  and  Integrate  It  with  Infoimation  from  storage  and  with  on¬ 
going  activities. 

This  solution,  that  of  externalising  some  command  tasks,  Is  a  means  of 
attacking  the  fundamental  Issues  by  stating  them  in  a  fom  amenable  to 
empirical  {not  necessarily  experimental)  research  and  application. 

The  problems  are  readily  apparent  In  the  following  set  of  questions. 
Beginning  at  the  feedback  loop; 

l)  How  can  the  sub-system  output  be  filtered  to  provide  only  that 
Infomatlon  which  Is,  relevant  to  a  cw-mand  nf.i.f 

3)  How  can  any  infomatlon  be  encoded  optimally  for  command  use? 

3)  How  can  Infomatlon  be  summed  or  combined  for  optimal  oominand 
use? 

^1)  ilow  can  Information  be  displayed  for  optimal  command  use? 

The  answer  to  the  first  of  these  rests  In  large  p.'rt  upon  the  answers 
to  two  further  questions; 
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3)  What  decisions  does  the  commander  make? 

6)  What  Information  does  he  require  to  make  those  decisions? 

If  command  decisions  can  be  delineated,  along  with  the  information  re¬ 
quired  to  make  them,  then  the  problem  of  appropriate  filtering  can  be 
approached  as  can  the  problem  of  task  delegation. 

The  problems  of  appropriate  and  optimal  coding,  summing,  and  displaying 
information  have  two  components:  one  of  these  is  similar  to  filtering, 
in  that  the  optimal  code,  summation  or  summarization,  and  dlsplay(s) 
is  dependent  upon  the  use  to  which  information  la  to  be  put,  while  the 
second  component  is  relevant  to  human  capabilities  and  signal  charac¬ 
teristics,  including  such  parameters  as  sensory  channel  capacity  and 
capability  and  coding  variables  such  as  legibility  and  intelligibility. 

In  addition  to  these  long  range  implications,  much  is  offered  toward 
immediate  application  which  will  serve  to  make  more  efficient  the 
carrying  out  of  the  command  function. 

The  recommendation  for  enhancing  command  effectlveneas  is  to  externalize 
es  much  as  possible  the  information  processing  aspects  of  the  command 
■function}  that  is,  command  should  be  provided  with  processed  and  inte¬ 
grated  information,  encoded  for  command  use  on  a  display  or  displays 
which  serve  only  command.  (This  reasoning  represents  the  basis  for 
the  recommendation  of  a  centrally  located  command  station  which  has 
been  suggested  in  past  SUBIC  reports.)  Command  is  thus  relieved  of 
what  was  termed  earlier  "peripheral”  information  processing  chores ^ 
pi’lmarlly  the  tasks  of  translating  and  transforming  raw  data  into  a 
usable,  "processed"  form.  Tlie  "centi’tii"  Integfetlon  of  current  system 
performance  date  and  stored  data  on  ships  capabilities.  Intelligence 
information,  and  mission  objectives  remains  exclusively  the  function  of 
command..  In  effect,  this  recommendation  would  relieve  command  of  any 
"sensor"  activities,  by  which  is  meant  any  task  which  is  primarily  one 
of  gathering  or  InterTJretlng  raw  data.  This  implies,  for  example,  that 
the  commander  would  no  longer  make  use  of  a  periscope}  but  would  have 
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•cransmltted  to  him  any  relevant  infomatlon  obtained  from  its  use,. 

Just  as  he  does  not  serve  at  the  sonar  console,  but  receives  from  It 
whatever  Infomatlon  Is  relevant  to  his  needs. 

It  is  necessary,  at  this  point,  to  qualify  the  preceding, .statements . 

In  the  absence  pf  a  thoroughly  exhaustive  anajysls  of  command  informa¬ 
tion  needs  under  a  plethora  of  potential  environmental  contingencies, 

It  Is  premature  to  suggest  that  the  commander  will  never  serve  as  a 
sensor,  it  Is  not  unrealistic  to  assume  that  at  some  time  under  some 
conditions,  when  Infomatlon  he  requires,  can  be  obtained  In  no  other 
way  (that  Is,  not  available  at  the  command  sta  ion),  he  may  need  or 
want  to  utilize  the  periscope  or  monitor  the  sonar  station.  Such  a 
possibility  la  reflected  In  the  general  SUBIC  control  room  arrange¬ 
ment,  which  makes  the  primary  ship's  operating  stations  readily  ac¬ 
cessible  to  command.  Thus,  the  commander  is  not  delimited  or  restric¬ 
ted  by  the  command  station,  but  rather  Is  provided  there  with  the  In- 
fomatlonal  basis  for  pidmery  decisions  with  the  freedom^  under  cir¬ 
cumstances  which  he  can  define  J’or  himself,  to  get  Infomatlon  from  a 
specific  operating  station.  An  effective  command  station  would  reduce 
the  variety  and  frequency  of  occurrence  of  such  circumstances,  Fur- 
themore,  the  problem  of  Infomatlon  Integration  Is  not  simply  one 
of  Integration  versus  no  integration,  but  Involves  rather  the  defini¬ 
tion  of  Integration  "levels"  or  degrees.  The  reductlo  ad  absurdum  of 
the  presentation  of  integrated  infomatlon  Is  a  single,  display  which 
reads  "yes"  or  "no"  -c  direct  a  command'^-r  to  push  or  not  push  a  button, 
the  pressing  of  which  causes  the  system  to  perform  whatever  task  or 
maneuver  Is  necessary  at  any  given  moment;  the  exti«me  of  the  other 
end  of  the  oonclnum  would  require  the  commanding  officer  to  derive 
Information  directly  by  functioning  as  ship  controller,  surveillance 
operator,  fire  control  resolver,  etc.  (an  equally  absurd  situation). 
The  optimal  point  between  these  is  difficult  to  locate.  Regardless  of 
the  level  of  Infomatlon  Integration,  however,  the  commanding  officer 
must  combine  Infomatlon  for  his  use  in  directing  and  eoordlnatlpg  the 
system.  The  goal  herein  la  the  presentation  and  processing  of  Infor¬ 
mation  to  provide  the  commander  with  infomatlon  form  and  content  for 
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his  purpose  and  the  ui‘'iniate  enhancement  of  command  effectiveness.  In 
so  doing  it  is  necessary  to  remember  tha..  not  only  are  men  the  most 
adaptable  portion  of  the  man-machine  system,  but  also,  and  perhaps  most 
significantly,  the  commanding  officer  is  uniquely  trained  to  perfonn 
the  task  of  system  guidance.  Improved  functioning  is  dependent  upon 
greater  understanding  and  specification  of  the  unique  quariflcatlons 
for  decision-making  and  the  determination  of  the  necessary  and  suffi¬ 
cient  information  requirements  and  the  detailed  delineation  of  an  ef¬ 
fective  combination  of  information  for  decision-making)  the  emphasis  on 
greater  information  processing  before  presentation  to  command  reflects 
this  need  and  is  in  response  to  it. 

The  command  station  containing  integrated,  suirmiary  information  requires 
for  maximal  command  utility  that  the  data  it  displays  be  filtered, 
summed,  and  encoded  at  some  point  in  the  system  prior  to  Its  appearance 
at  the  console.  These  functions  may  be  carried  out  either  by  computers 
or  by  sub-system  operators)  both  atc  currently  employed  to  carry  out 
these  functions  and  both  require  rules  for  separating  relevant  from 
Irrelevant  information.  Rules  for  information  transmission  and  encoding 
are  likely  to  be  more  dependent  on  equipment  available  {Cor  example, 
the  man  might  transmit  by  pushing  an  automatic  aisplay  button  or  by 
verbalization),  but  rules  for  ascertaining  relevant  infomatlon  are 
dependent  upon  comiitand-defined  Information  needs.  Ror  a  human  operator, 
these  may  be  standard  operating  procedures,  such  as  adviring  the  com¬ 
mander  of  any  sonar  contacts,  or  may  be  unique  to  a  situatit  n  wherein 
specific  Information  Is  provided  upon  request,  such  as  answering  a 
question  regarding  the  screw  count  of  a  target)  for  a  computer,  analogous 
"rules"  are  programs  for  automatic  display  of  information  and  infor¬ 
mation  display  only  upon  command  request.  In  either  the  human  or  com¬ 
puter  case,  the  latter  categories  are  determined  by  momentary  needs  and 
require  only  that  the  information  be  available  if  needed  and  a  means 
for  transmitting  it  be  stipulated)  the  former  case  also  requ}.i’ea  infor¬ 
mation  availability  and  a  transmission  means,  in  addition  to  the  defini¬ 
tion  of  circumstances  under  which  information  -"s  to  be  transmitted. 
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Ideally,  the  entire  submarine  system  would  be  so  designed  that  any  In- 
foiwatlon  needed  by  command. for  any  decision  would  automatically  be 
provided,  In  an  optimally  usable  fom,  at  precisely  the  appropriate 
moment  of  need.  Such  an  Ideal  Is  inherently  not  realizable,,  since 
It  would  require  complete  and  accurate  prediction  of  all  potential 
contingencies.  To  the  extent  that  this  system  Is  approached,  h6w-v(<i’, 
command  efficiency  Is  enhanced.  The  basis  of  the  approach  is  the  8tlp> 
ulatlon  of  command  decisions  and  their  requirements j  If  these  are 
known  In  advance,  then  availability  of  Information,  means  of  ti*nsr 
mission,  means  of  display,  and  automatic  or  "on-call"  presents c.io  i  may 
be  determined. 

6.3  COMMAND  DECISIONS  AND  INPORMATION  REQUIREMENTS 
Two  things,  are  apparent  from  the  foregoing  discussion:  (,1)  a  command 
station  providing  the  commanding  officer  with  processed  and  integrated 
Information  will  serve  to  facilitate -the  command  function)  and  (2)  a 
command  station  cannot  display  all  possible  Information  to  satisfy  all 
possible  infonriation  needs)  therefore.  Its  location  should  Insure 
>:cy  acoes.s  to  information  available  at  other  operating  stations,  It 
should  display  only  that  Information  either  not  available  elsewhere  or 
of  great  consequence  to  cotunand.  The  Implications  of  these  important 
points  will  be  rfiore  manifest  In  the  section  of  this  chapter  concerned 
with  the  recommended  command  station  console.  Its  location  In  the  con¬ 
trol  room  and  its  panel  faces,  but  their  relevance  here  is  that  they 
specify  the  primary  problems  In  the  development  of  the  command  station 
and  associated  displays;  what  information  should  be  displayed  and  in 
what  form  should  It  be  displayed  (that  Is,  how  much  Integration  and 
summary  of  data  is  required?). 

The  answer  to  the  first  of  these  questions  would  appear  to  be  that 
lnfo“.-.dtion  should  be  displayed  which  Is  .relevant  to  command  heeds  and 
concerns.  Since  command,  as  already  Indicated,  concerns  the  entire 
system,  it  Is  necessary  to  develop  a  criterion  for  Inforroation  selec¬ 
tion,  If  excessive  redundancy  Is  to  be  avoided.  One  Important  criterion 
is  the  relevance  of  lnfor;nation  for  specifiable  oomm.and  decisions. 
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In  ether  words,  It  Is  mssonsbie  to  consider  t'!''«'  system  and  ask  what 
output  (decisions)  command  must  provide  Tor  system  ope‘£tlon  to 
achieve  Its  objectives.  Thus,  If  declslonfi  can  b'^!  specified  as  re¬ 
quired  of  command,  then  the  Infoimatloiia]  bases  of  these  decisions 
should  also  be  specifiable 

One  approach  to  this  problem  ’.s  to  ask  experienced  command  personnel 
to  specify  the  decisions  they  make  aiid  the  Information  which  they 
utilize  In  arriving  at  thsEO  deolslons.  Collating  such  data  from  a 
number  of  conunandinr  ox'fleere  and  integrating  it  should  provide  a 
reasonable  Approximation  of  command  deelslona  and  Information  require, 
ments.  this  approac!)  has  been  employed  in  previous  SUBIC  reports 
(Ref,  3  and  4),  in  which  experienced  command  personnel  were  Interviewed 
extensively  snd  responded  to  objective  questionnaires.  The  result  was 
a  specl''^  catl  in  of  command  decialons  and  Infomatlon  requirements  for 
s  aubrisrlne  system  circa  I965.1976.  table  6-1  i*efieotB  much  of  this 
effort,  modified  in  terms  of  the  recommendations  .of  this  report  which 
are  more  system-specific.  The  dbclslons  and  Information  requirements 
which  appear  In  the  table  to  follow  arc  sufficiently  detailed  and 
specific  to  give  meanlr^i  to  the  comnand  station  and  serve  as  a  point 
of  departure  for  futit^e,  more  exhaustive  hnalyses  as  the  submarine 
sub-systems  develop -and  change  with  technological  advances. 

Table  6-i  also  Indicates  command  objectives  and  the  display  impllca- 
^ons  of  con«r<aiid  Infoimatlonal  needs.  The  former  serve  as  a  context 
which  shape  and  give  meaning  to  the  decisions  to  be  made,  while  the 
latter  are  addressed  to  the  question  raised  esrilerj  viZi,  how  shall 
Information  heeded  by  command  be  processed.  Integrated,  and  displayed? 
The  table  entries  under  ''INFORMATION  PROVIDED  BY''  Indicate  the  display 
recommendstlchs  for  the  command  station  console  end  panel  faces.  The 
cdhslderatlohs  which  led  to  specific  dlspieys  for  command  Informational 
needs  will  be  discussed  In  the  context  of  tie  recommended  station. 
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Finally,  the  table  does  not  include  any  infonuatloh  which  i  stored. 
Information,  that  Is,  Information  available  at  the  start  of  th  Tilsslori 
(for  example,  ship's  orders).  Such  Information  Is  assumed  to  be  avail¬ 
able  arid  readily  accessible  to  the  cominanderi 


6.il  THE  COMMAND  STATION 

The  command  station  Is  located  centrally  In  the  control  room,  as  des¬ 
cribed  in  Chapter  2,.  The  placement  of  the  station  Iri  the  center  of  the 
control  room  serves  to  make  all  oth.'r  stations  and  the  information  they 
provide  readily  accessible  to  the  commander  through  auditory 
and  visual  channels.  Further,  mobility  from  the  coitunand  station  to 
any  or  all  of  the  stations  is  unhampered.  These  conalderations  shaped 
the  command  console  placement,  since  much  of  the  Information  available 
at  the  separate  stations  la  required  by  command  and  Its  availability 
from  individual  stations  facilitates  command  functioning, 

The  station  Itself  la  designed  for  either  standing  or  sitting}  a  re¬ 
movable,  adjustable  stool  Is  provided  for  optional  use,  Although  de. 
signed  for  the  commanding  officer.  It  Is  assumed  that  In  his  absence 
the  officer  of  the  deck  (0.0. D.)  will  be  stationed  here.  The  station 
la  pictured  In  Fig.  6^4}  the  height  from  tiie  deck  to  the  flat  top  sur^ 
face  from  which  the  control  and  display  panels  project  Is  37  Inches, 
its  depth  Is  34  Inches  and  Its  length  40  Inches.  The  lower  control 
panel  measures  12  Inches  by  40  Inches  and  projects  frota  the  flat  top 
surface  at  a  15  degree  angle;  the  upper,  display  panel  projects  at  a 
30  degree  angle  and  measures  16  inches  x  40  Inches.  The  displays  arid 
controls  are  readily  accessible  to  the  man  at  the  station  and  the  con¬ 
sole  does  not  hinder  his  Inspection  of  any  of  the  other  control  I’oom 
stations.  In  accordance  with  the  general  riotion  that  these  Information 
sources  should  be  readily  available  to  the  commanding  01  fleer. 

The  Infomatlon  displayed^  the  displays  themselves,  and  the  controls 
located  on  the  panel  faces  of  the  console  derlye  from  the  conslderatloris 
ehiphasized  in  this  chapter.  First,  unique  information  relevant  to  com¬ 
mand,  as  determined  by  an  analysis  of  command  decisions  and  showti  In 
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Table  6il,  represents  the  content  of  the  displays.  The  forms  or  modes 
of  display  were  conditioned  largely  by  the  need  to  Integrate  and  pro¬ 
cess  data  so  as  to  present  in  coherent  and  summary  form  information 
heeded  by.  command.  It  is  apparent,  however,  fi’om  deoialon  requirements 
that  certain  Information  (for  example,  bearing  rate)  is  heeded  as  a 
discrete  piece  of  Infomatloj).  The  displays,,  therefore^,  represent  both 
summary  data  and  dl.,orete  .infoMation  as  determined  by  Information  needs 
and  by  the  capabilities  of  computer  prooeBSing  technology  (indi.'iate:*  in 
another  section  of  thla  report).  Viheh  specific  InfOi’matldn  needed  by 
command  was  available'  by  visual  access  at  ahother  station,  It  was  not 
repeated- at  the  command  station;  For  example,,  the  ship  control  SQUIRE 
display  summarizes  clearly  the  position  of  own  ship  relative- to  ordered 
posltloh;  since  this  display  }s  readily  monitored  from  the  command  sta¬ 
tion,  It  la  not  duplicated  there.  Other  data,  such  as  kill  .probability 
zlg  time, are  available  at  fire  control,  but  not  readily  seen  by  command 
and,  therefore,  are  duplicated  at  the  command  station. 

The  description  of  the  displays  and  controls,  their  operation,  and  the 
Infomatlon  displayed  -reflects  (either  Implloltly  or  expileltly^  the 
considerations  delineated  and  utilized  in  their  development  and  des¬ 
cribed  In  the  preceding. pages.  The  adequacy  with  which  controls  and 
displays  meet  the  stipulated  Informational  needs  pf  command  is  appar¬ 
ent  In  table  6-1  (table  6-1  Indicates  how  the  Information  is  irrte- 
grated  and  summarized  in  displays  such  as  the  ACOUSTIC  DCTECtiOlL 
ENVIRONMENT  DISPLAY  (ADED)),and  In  the  description  of  the  displays  which 
foiiowd  the  table. 


6.5  CONTROLS  AND  DISPLAYS 

the  control  and  display  panel  faces  are  shown  in  j;  6-5;  upper 
panel  ,1s  reserved  primarily  for  displays  and  their  controls;  F^om 
left  to  right  on  this  panel  are;  (i)  a  7xl0-ihch  CRT,  the  Acoustic 
Detection  Environment  Display  (ADED)  with  associated  rairge  and,  depth 
controls  and  a  CRt  iritensity  adjustment  control;  (s)  a  iSxiaiinch  CRT, 
•the-  Tactical  Display,;  (3)  a  ,7xlO-lhoh  CRT  Alpharhumeric  Display  of 
weapon  and  kill  probability  data. 
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Ihe  lower  panel  face  contains  66ntis»ls  for  the  display/  controls  for 
the  ADED  include  selector  knobs  for  figure  of  merit,  operation,  mode, 
and  probability  levels  of  detection.  Controls -for  the  tactical  dlsr 
play  include  a  Joy-stick  for  changing  the  viewed'  area  pn:  the  display., 
a  pushbutton  for  the  display  of  geographic  contours  and  one  for  weapon 
range  rings/  a  "past  time"  selector  knob.  peftilLs  the  display  of  .past 
tracks  for  contacts  ahd/or  own  ship,,  as  designated  by  the  electronic 
pencil. 

6.5.1  Ttie .  Aoouatic  .Detedtion -^virohment  Display  .  (  APED)  (Top  left  of 
Fig.  6-5) 

The  ADED  is  provided  to  facilitate  the  commanding  officer's  selection 
of  an  operating  depth  which  maximizes  the  range  at  which  own  ship  can 
detect  a  target  and  minimizes  the  range  at  which  the  target  can  detect 
own  ship.  'The  display  consists  of  a  7"xl0"  CRT  which  has  an  abscissa 
representing  range  and  an  ordinate  representing  depth,  A  contour  line 
is  projected  for  any  of  four  .probability  levels  of  detection  (.25, 

.7,  or  .9)  which  represents  either  the  target's  or  own  ship's  detection 
capability,  depending  upon  the  inputs  to  the  display. 

The  basic  input.  Inserted  automatically,  is  Infoimatioh  oonoemlhg  the 
sound  propagation  characteristics  of  the  environment;  such  Ihfomat ion 
is  derived  from  bathytheimograph  data,  salinity  gradients,  bottom 
reflection  characteristics,  etc.  Either  target  or  own  ship  character¬ 
istics,  inserted  manually  from  the  consnand  station,  constitute  the 
remaining  inputs;  these  are  either  own  ship  or  target  sonar  figure  of 
merit  and  depth.  Inserted  via  the  controls  provided  below  the  ADED. 

Two  additional  controls  are  provided  for  the  selection  of  a  fuhctlphal 
mode  (one  mode  for  target  detection,  the  other  for  own  ship)  and  a  de¬ 
tection  probability  level  to  be  depicted  by  the  contour.  The  specific 
use  and  interpretation  of  the  display  in  each  mode  will  be  treated 
separately; 
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6.5.iil  Mode  1. 

The  emphasis  In  Mode  i  is  upon  selecting  a  depth  ^lich  v.’lli  maximize 
the  range  for  the  detection  of  a  target.  In  addition  to  the  sound 
propagation  characteristics  of  the  environment,  which  are  stored  In 
the  computerj  this  mode  requires  the  manual  Insvruloh  of  own  ship 
depth  and  sonar  figure  of  merit}  placing  the  mode  selector  at  the 
"contact  detection"  position  which  places  an  own  ship  symbol  on  the 
depth  ordinate  of  the  display  at  the  depth  selected.  The  computer 
determines  the  range  of  detection  at  a  given  probability,  level  for  all 
possible  target  depths  and  the  resultant  contour  appears  on  the  dis¬ 
play.  ih’om  the  display  the  commander  can  read  the  ranges  for  the  de¬ 
tection  of  a  target  at  a  specific  own  ship  depth,  to  determine  the 
effects  of  changing  own  ship  depth,  Inbroaslhg/decreaslng  speed  or 
assuming  a  greater  or  lesser  noise  source  (speed  of  noise  source 
changes  change  the  figure  of  merit',  the  desired  changes  are  made  via 
the  controls  and  a  new  contour  appears  for  evaluation,  ihus,  by 
manipulating  the  controls  the  commander  may  select  a  depth  and/of 
speed  which  results  In  maximal  detection  capability  for  own  ship. 

6.5ilj2  Mode  ?. 

The  emphasis  In  Mode  ?  Is  upon  selecting  a  depth  which  will  mlnlmiati 
the  target's  capability  for  detecting  own  ship,  .^und  propagation 
data  are  the  same  as  for  Mode  1,  while  target  sonar  figure  of  merit 
and  depth  are  lnoerted  rather  than  own  ship  data.  Placing  the  mode 
selector  at  the  "own  ship  detection"  .position  places  a  target  symbol 
on  the  depth  ordinate-  of  the  display  at  the  depth  selected.  The  com¬ 
puter  now  determines  the  detection  contour  of  the  selected  .probability 
level  for  all  possible  own  ship  depths.  The  depth  at  which  the  detec¬ 
tion  range  is  greatest  as  Indicated  by  the  contour  is  therefore  the 
optimal  one  for  ovm  ship  to  be  at;  however,  since  this  depth  may  also 
limit  the  capability  to  detect  a  target,,  Mode  1  should  be  employed  in 
conjunction  with  Mode  !?  to  attempt  to  achieve  the  optimal  relationship 
between  own-ship  detection  of  target  and  target's  detection  of  own 
ship. 
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6<5i2  Tactical- biaplavr  (Center  blspla.N  of  Fig;  6-5) 

The!  Tactical  Display  Is  ah  l8  Inch  CRT  capable  of  presenting  own  ship 
location  relative  to  taiy.ets  (contacts)  and  geographic  obstacles.  It 
Is  similar  In  appearance  and  function  to  the  conventional  PPI  presenta¬ 
tion,  with  the  exception  that  own  ship  sjnnbol  is  hot  necessarily  at  the 
center  of  the  display.  Infomatlph  presented  auLomatioaily  bn  *his 
display  consists  ofi 

1)  Target  bearing  (bearing  line) 

2)  Target  bearing  drift  (numerical  deslgriatloii  oh  bearing  line) 

3)  target  speed  (numerical  designation) 

h)  target  range  and  range-error  estimates  from  own  ship 

5)  Target  zlg,  (rapid  flashing  of  target  symbol) 

6)  Owh  ship  iocatibh 

7)  Pihge  markings  In  units  of  100  and  1000  yards 
0)  targbt  designation  from  fire  control 

Irifomatlbn  which  can  be  displayed,  as  a  function  of  the  manual  con¬ 
trols  located  below  the  Tactical  Display  Includes  1 

1)  Weapon  range  rings  with  own.  ship  at  center 

2)  Oeographic  contours 

3)  Past  track  for  target  and/or  own  ship 

Weapon  rahge  rings  and  geographic  contours  are  controlled  by  the  push¬ 
buttons  on  the  control  panel  and  located  beheath  the  Tactical  Display, 
in  line  with  a  joystick  for  reoehterlhg  own  ship  (changing  viewed  area 
■oh  display)  i  and  a  scale  adjustment  knob  for  the  Tactical  Display,. 

6.5.3  Weapons.. Available ,  .Kill-  Probability  (Right  Display  of  Pig.  6*5) 
The  final  display  bn  the  upper  panel  is  an  Alpha*numeric  display  showr 
ihg  weapons  in  tubes  .which  indicates  which  weapon  types  are  loaded  ir. 
which  tubes  and  kill  pi'obability  data  for  any  weapon,  as  well  as  the 
kill  probabilities  associated  with  firing  more  than  one  (up  tp  four) 
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of  any  Weapon.  These  data  appear  as  available  from  the  computer  and 
can  refer  to  anyone  of  four  targets;  contact  number  dnd  classification 
appear  at  the  top  of  the  display,  the  kill  probability  data  serve  as 
ah  aid  In  selecting  the  appropriate  weapon,  while  the  "weapons  in 
tubes"  indicators  serve  to  remind  the  commanding  officer  what  weapons 
he  has  had  loaded;  this  item,  although  small,  might  be  critical,  since 
it  could  indicate  changing  the  weapons  in  tubes  based  oh  kill  probabil¬ 
ity  data. 
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VII 

OPERATIONS  AND  MONITORING  STATIONS 


id  BACkOROUND 

During  the  operational  sequence  study  it  became  apparent  that  the 
four  cohsoies  (ship  cohtivoi,;  command,  aonar-aurveUlance  and  fire  con- 
troi)  could  hot  account  for  ail  of  the  functions  perfdnned  in  control¬ 
ling  the  tactical  deployment  of  the  submarine.  Such  functions  as 
havigatlohi  ECM,.  and- radar,  and  Internal  cpmmuhloatibha  ura31tibns.iiy 
associated  with-  tactical  submarine  deployment  were  excluded  from  these 
areas.  VJhiic  the  major  effort  of  the  study  had  to  be  devoted  to  the 
four  cohsoies  discussed  in  the  preceding  sections,.  It  was  neuertheless, 
deemed  essential  to  Include  two  additional  stations  {ponioies)  to 
Incorporate  facilities  for  control  of  these  secondary,  but  ImpbiHiahtj 
fuhctlbhs  also. 

Accbrdlhgiy,  an  Operations  and  a  Monitoring  oonsbie  V(ore  added  to  the 
control  rbbm  configuration  to  pennlt  complete  tactical  control  to  be 
centralized  In  the  control  room.  Ihe  functions  associated  with  these 
two  consoies  have  been  specified  at  a  general  level,  however^  time 
limitations'  precluded  snebifylng  panel-face  details  to  the  same  extent 
as  was  done  for  the  other  cohsoies  in  the  control  roomi 

7.2  OPERATIONS  CONSOLE 

As  Ihdlbated  in  the  frontispiece  and  Figure  g-i,  this  console  would  be 
located' to  the  left  of  che  ship  cont.col  console,  its  purpose  la  to  . 
provide  faclll^-ies  for  the  display  and  control  of  the  following  functions 
or  systems': 

ij  Navigation  controls  and  displays  for: 

a)  SINS 

b)  Lorah 

6)  Radar  (navigation  or  target  localization) 
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d)  Ovm  ship  track 
Star  data 

f'  Maps,  charts,  and  plottlne  facilities 
?!  ECM  controls  and  displays  for: 

a)  Signal  detection  and  strength  deteriTilr.ation 
Frequency  and  spectrum  analysis 
c)  Classification 
d^  Pulsed  sighai  analysis 

e)  Receiving  equipment  conti’61  and  selection 
3)  Internal  voice  communications,  control 

l()  intercept  course  display  system 
5^  TV  periscope 

The  .first  three  Items  listed  Include  those  systems  now  in  being  or 
which  can  be.  modified  for  the  1965  time  scale.  The  latter  two  items 
constitute  new  developments  and  are  new  or  expanded  capabilities. 

7.2.1  intercept  -Course -Predictor  System 

This  Is  a  no}.'  diai)lay  system  whoso  purpose  la  to  perform  a  maneuver¬ 
ing  board  solution  for  Intercepting  a  target.  The  data  furnished  is 
used  by  command  in  selecting  a  course  to  close  a  given  target.  Input 
controls  are  manipulated  In  accordance  with  the  commander's  needs; 
the  operator  In  this  case  acts  as  an  effector  link  for  the  commander 
to  the  computer.  The  system  Is  shown  In  Fig.  7-1;  It  consists  of  a 
Geographical  Display  (useful  also  In  the  navigation  function'  and  a 
aeries  of  controls  which  enable  setting  In  variables  In  an  equation, 
“ftie  commanding  officer  decides  what  bearing  relative  to  the  target 
and  what  range  from  the  target  he  v;ants  to  close  the  target.  Appro¬ 
priate  controls  ai'e  set  b;,  the  operator,  sverago  target  course  is 
calculated  when  tiie  switch  for  that  purpose  la  pressed.  Having  fixed 
those  parameters  of  the  equation,  two  additional  variables  are  entered 
by  means  Of  suitable  controls,  l.Ci,  course,  speed,  or  time.  The 
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FIGURE  7-1  INTERCEPT  COURSE  PRipiCtOR  SYSTEM 
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computer  then  calculates  the  third  variable,  Digital  readouts  above 
the  course,  speed',  and  time  control  furnish  the  desired  data.  For  ex¬ 
ample,  If  an  Intercept  course  Is  desired,  speed  and  time  are  Inserted 
via  appropriate  controls  and  course  Is  read  out  oh  the  digital  Indica¬ 
tor,  Thusi  the  commanding  officer  can  o^aih  direct,  predictive  Ihforf 
matlon  regarding  specific  courses  or  speeds  to  select  for  ah  Intercept 
course  or  to  detennlne  the  amount  of  time  required  to  Intercept  a.  tahr 
get.  Alternative  solutions  can  be  obtained  by  varying  parameters 
of  the  equations  as  desired, 

7.2.2  TO'Jerlscope 

The  Operations  Console  Includes  provision  for  display  of  the  TV  peri¬ 
scope  ahd  remote  monitoring  of  an  optical  periscope j  if  this  latter  Is 
required.  Since,  in  most  casesi  the  TV  periscope  vdll  provide  better 
and  more  accurate  viewing  at  far  lower  light  levels  than  the  optical 
periscope,  It  is  expected  that  this  addition  will  supplant  the  optical 
periscope  for  most  uses.  An  optical  periscope  cculd  ser/e  both  as  a 
backup  for  the  W  periscope  and  also  be  available  for  navigational 
starslghtsi  ihe  optical  i^riscope  will  be  located  outside  the  control 
roomj  howeveri  monitoring  of  its  view  can  be  provided  oh  the  Operations 
Console  for  the  benefit  of  control  room  personnel  as  neededi 

7.2.3  Advantages  . Afforded. by_the  ..Operatlohs.  Console 

The  advantages  associated  with  the  inclusion  of  an  Operations  Console 
are  J, 

1)  provision  of  a  central  location  for  control  of  those  Who- 
tiohs  essential  to  tactical  submarine  deployment  hot  cohtrolled 
from  other  cohsdles  in  the  control  roomi 

2)  that  command  may  exercise  direct  supervision  of  the  functions 
located  oh  this  console,  and  he  can  profit  by  the  displays  Incor¬ 
porated  oh  It; 

3)  inclusion  of  the  Intercept  course  predictor  system  whlch  pro¬ 
vides  most  of  the  advantages  associated  with  a  maneuvering  board, 
but  should  be  much  easier  to  use; 
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'j)  Inti'oductlori  of  the  TV  periscope  with  its  capablilties  for 
improved  viewing;  and, 

5)  a  further  extension  of  the  ihtegratlori  philosophy  of  oentra- 
ilzlhg  all  control  functions  affecting  ship  tactical  deployirent 
into  a  single  integrated  system. 

7.3  MONITORING  CONSOU’ 

A  Mohltqrlhg  Console  is  located  in  the  control  room  as  shown  in  the 
frontispiece  and  Figure  2-1.  Since  this  console  reflects  a  hew  coh- 
dept,  made  possible  to  some  extent  by  the  capabillWes  of  the  digital 
data  processor,  it  is  desirable  to  consider  the  assumptions  arid  rationale 
upon  which  it  is  based. 

Assumptions  and  Rationale  for  a  Monitoring  Console 

1)  A  central  monitoring  capability  can,  increase  the  submarine's 
combat  effectiveness  by  pi>ovidlhg  a  fadinty  for  systema  monitor¬ 
ing  unique  in  the  following  ways., 

a)  The  capabilities  of' the  central  data  prodeSsor  may  be 
utilised  for  maintenance  by  at  least  threq  methods; 

1)  for  logical  circuit  -aridlysls  to  .Vsolate  failures, 

2)  by  means  of  digital  \  omparisoh  techniques  to  isolate 
dhanges  from  optimal  performance  levels  in  systems  and 
subsystems,  and, 

3)  by  the  use  of  statistical  methods  to  isolate  probable 
sources  of  failures. 

b)  Provide  (by  the  techniques  listed; above)  fault  isolation 
to  system  or  subsystems; 

d)  Detehhlhe  performance  degradation  from  optimum  levels. 

d)  Provide  a  central  ideation  for  mohltorihg  routiiie  fuhe- 
tidhs. 
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e)  Provide  an  area  iof  redundant  monitoring  of  highly  6rit- 
ical  f  unfit  ions. 


ihe  bases  for  this  assumption  are  demonstrated  capability  of  fault 
location  using  diglca"*  techniques  and  the  capabilities  of  large 
scale  digital  machines  for  logical  analysis  and  their  ability  ^ 
utilize  statlgtical  and  comparative  techniques, 

2)  Cehtrailzlhg  certain  monitoring  hinctlons  can  reduce  the  work 
load  at  other  stations.  This  Will  permit  more  effective  opera- 
tioii  at  these  stations  while,  at  the  same  time,  pwvidlng  more 
effective  monitoring  of  the  functions  ceritrallzedi 


The  basis  of  this  assumption  is 
monitoring  can  perform  this  sir/ 
i.ohcorned  with  both  operatl'' 

This  is  particularly  t.  i«* 
incidental  to  the  contr^ 
tored  cari  or  ever,  shoal. 
can  be  appropriately  c  t.*. 
task  requirementr  ai  ... 

ensuring  better  perfonhanf>«  .>f  ^ 
several  stations. 


at  an  area  devoted  primarily  to 
I'un.'Llon  better  than  a  station 
‘■tx'l  ar.d  extensive  monitoring, 
rollons  monitored  are 
not  ail  functions  moni- 
■red,  those  functions,  which 
i  .1-  -’ease  the  monitoring 
.•ach  Individual  console  thus 
i  primary  functions  of  the 


3)  A  centralized  monitoring  .capability  v;ill  Increase  equipmerrt 
operating  time  by  reduction  of  down  time. 


The  basis  of  this  assumption  is  the  fact  thet  sizeable  propord-loti 
(as  much  as  7^)  of  down  time  is  devoted  to  locating  the  source 
of  failure i  With  adequate  equipment  performance  monitoring  and 
at  least  some  degree  of  automatic  trouble  isolation,  this  cause 
of  down  time  can  be  significantly  reduced. 

h)  A  central  monitoring  .cailabllity  can  provide  more  effective 
maintenance  control  (both  preventive  and  corrective)  by  better 
utilization  of  maintenance  personnel. 
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The  liasla  for  this  assvunption  is  that  automatic  trouble  Isolation 
and  performance  monitoring  combined  with  proper  maintenance  per¬ 
sonnel  control  will  provide  optimal  use  of  both  men  and  machines 
and'  thus  increase  maintenance  effectiveness.  This  will  serve  to 
extend  equipment  operational  time  and,  when  failure  does  occur, 
reduce  the  amount  of  time  needed  to  restore  npnhal  operation. 

5)  A  central  moniloring  capability  will  Improve  the  deolslon- 
maklhg  effectiveness  of  command  by  providing  more  precise  knowl- 
edge^  of  equipment  performance  status. 

The  basis  fbr  this  assxmptlon  is  that  more  precise  knowledge  will 
allow  more  raallsticaliy  based  tactical  and  operational  decisions 
to  be  made. 

There  are  several  distinct  advantages  attendant  with  adoption  of  the 
monitoring  conoole  coheept.  These  have  been  Indicated  In  the  assump¬ 
tions  upon  which  the  concept  Is  based.  It  should  be  emphasized  ttiat 
maintenance  and  perfomaitpe  monitoring  will  add  to  the  capabilities  of 
the  submarine  by  direct  attack  on  the  major  cause  of  equipment  down 
time  =  trouble  isolation.  Since  up  to  765^  of  down  time  Is  used  in 
Isolating  fallurej,  a  system  which  will  reduce  troubleshdptlhg  time 
must  decrease  the  time  that  equipment  Is  out-of-commlssion.  ^uipmeht 
operational  time  will  thereby  be  Ihoreased. 

As  the  complexity  of  equipment  increases  and  the  number  of  electronic 
circuits  in  newequlpment  becomes  greater,  the  capability  of  automatic’ 
trouble  laolatioh  to  subsystems  or  components  becomes  Increasingly 
important,  it  may  well  be  that  the  limitations  of  automatic  trouble¬ 
shooting  will  constitute  the  limits  for  equipment  design.  The  USS, 
TTJLLIBEE  SS(n)597  in  its  sonar  system  alone,  for  example,  has  some 
50,600  transistors  in  addition  to  vacuum  tubes  and  other  compohehts. 
^en  if  the  probability  of  failure  were  .61  per  1^666  hfs,  statistic¬ 
ally,  500  failures  per  1 jOOO  hrs  could  be  ehtlolpated  in  the  reliable 
transistor  circuits.  Thus,  the  use  of  the  digital  computer  to  aid.  In 
the  solution  of  the  maintenance  problem  Is  a  logical  consequence  re¬ 
sulting  from  its  potential  usefulness  In  tbls  .area. 
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■The  Monitoring  Console  Wiii  perform  three  general  functions: 

1)  Provide  a  central  location  capaole  of  perfomihg  many  of  the 
monitoring  functions  now  located  on  other  consoles.  In  this  corir 
nsotion,  certain  critical  monitoring  tasks  could  be  duplicated 

on  the  monitoring  console  to  provide  redundant  monitoring  if 
needed. 

2)  Provide  for  perfomance  monitoring  of  various  equipment  sys¬ 
tems  to  -give  early  v;amihg  of  potential  system  failure. 

3)  Perform  maintenance  monitoring  using  the  digital  computer's 
capabilities  to  provide  automatic  or  semi-automatic  trouble  iso¬ 
lation  vjh'''n  a  failure  occurs. 

Of  Immediate  concern  are  the  latter  two  functions^  performance  and 
maintenance  monitoring,  since  these  will  add  most  to  present  submarine 
capabilities. 

Two  preliminary  studies  (t^eferences  1  &  2)  have  dealt  with  the  prob¬ 
lems  of  performance  and  maintenance  monitoringv  'iiie  problems  to  be 
resolved,  are  the  following: 

ll  What  equipment  most  needs  monitoring? 

?)  What  is  the  required  frequency  of  monitoring? 

3)  What  type  of  monitoring  will  bo  most  effective? 

^t)  What  type  of  display  will  be  most  beneficial? 

5)  How  can  monitoring  equipment  best  be  Isolated  to  pr-eveht 
Interaction  with  the  m.onitored  equipment? 

The  following  systems  v/ill  be  considered  in  detail;  Ihey  appear  in 
what  is  believed  to  be  descending  order  of  operational  time,  that  is. 


equipment  used  most; 

SONAH 

ECM 

FIRE  CONTROL 

PERISCOPE 

RADIO 
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Wie  heart  of  the  monitoring  systems  will  be  in  scanning  circuitry; 

The  logic  involved  will  be  developed  as  the  individual  systems  are 
studied  in  detail;  An  automatic  sca.ihlng  procedure  based  upon  POMSEE 
(Preventive  Operational  Maintenance  of  Shipboard  Elect roriic  Equipment) 
would  be  an  ideal  base  from  which  to  expand,  for  example, 

POMSEE  pi'ovldes  specific,  periodic,  manual  testa  to  be  performed  on  the 
system  concerned.  A  proper  POMSEE  check  gives  the  operational  status 
of  the  equipment,  but  necessarily  only  periodically  as  the  tests  are 
performed  manually.  With  automatic  scanning,,  a  continuous  POMSEE- 
like  check  can  be  maintained  thus  enabling  detection  of  irregularities. 

It  is  also  probable  that  continuous  monitoring  (continuous  might  mean 
seconds  to  several  minutes)  could  pinpoint  tjie  source  of  the  fault  when, 
or  even  before,  it  occurs,  iiius  time-consuming  troubleshooting  by  a 
technician  would  be  eliminated  or  minimized.  This  time  saved  could  be 
ah  Important  item,  particularly  during  combat,  as  about  705^  of  elec¬ 
tronic  Impair  time  is  spent  in  fault-finding  and  diagnosis  (trouble¬ 
shooting).  ilie  logic  circuits  necessary  to  provide  this  capability 
could  be  added  or  pixjgrammed  into  the  digital  data  processor  as  ah  ex¬ 
pansion  of  automatic  POMSEE. 

Measurement  of  power  supply  voltage  levels  and  system  resistances  to 
ground  should  detect  •  approximately  75?^  of  the  troubles  in  the  previous-^ 
ly  listed  systems.  In  some  systems,  final  stage  current  could  detect 
otherwise  unnotlceable  faults.  Parasitic  antennae  will  be  essential 
for  perfomance  chocking  of  transmitting  equipment. 

Willie  the  displays  have  not  been  completely  specified  at  this  time,  in 
genei’al,  they  would  consist  of  groups  of  lights,  readouts,  and  meters. 
They  would  show  the  status  (operatlohal,  marginal,  or  Inoperable)  of 
each,  monitored  system  and  such  things  as  expected  down  time  and  amount 
of  performance  degradation,  if  marginal. 

i.sqlation  of  monitored  systems  from  the  influence  of  the  monitoring 
system  is  necessary  to  prevent  a  new  source  of  malfunction.  Several 
isolation  techniques  are  available  from  simple  switching  to  automatic 
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look-out  features.  Safety  devices,  for  exaniplej  could  consist  of  ^c- 
lays,  magnetic  amriiflers,  and/or  solid  state  devices. 

The  whole  monitoring  system  concept  is  based  upon,  capabilities  for 
growth.  The  system  will  obviously  have  to  be  expandable  to  cover  hew 
equipment  as  it  is  added.  With  integrated  design,  the  only  limitlhg 
factor  should  be  size,  and  size  relative  to  the  size  of  monitored  com- 
pohehta  should  be  smalls 
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viii 

OPERATIONAL  SEQUENCE 


8.1  INTRObUCTiON 

As  a  teat  of  the  feasibility  of  the  panel-f-ce  layouts,  the  Human  lectors 
section  was  responsible  for  the  developrup.,  of  a  sequence  of  a  submarine 
operational  mission  which  was  to  Ihclufle  e  following  situations  J 

i)  getting  underway 
g)  piloting 
3)  transit 
'0  surveillance 

5)  ASW  action-snap  shot 

6)  ASW  actiohiOenefal  Quarters 

7)  selected  casualties 

ihe  rationale  underlying  the  operational  sequence  Is  that  once  devel¬ 
oped,  it  would  be  applied  to  eacli  of  the  consoles  to  determine  if  the 
proposed  panel -face  layouts,  could  satisfy  the  requirements  indicated 
in  the  sequence  of  operations.  If  they  could,  .and  the  opefatiohal  se¬ 
quence  Itself  was  valid;,  then  the  pahel-facC  layouts  would  have  passed 
a  first  test  in  demonstrating  their  feaslbllityi. 

ibis  section  describes  the  development  of  the  operational  sequence, 
iholudlhg  the  assumptions  upon  which  it  was  based  and  the  .method  em¬ 
ployed  in  developing  -it.  ibe  sequence  itself  will  be  found  in  pafa- 
gfapH  8.5  of  this  report; 

Before  proceeding  further  in  this  report ;  the  meaning  of  the  tem 
"opefatiohal  sequence"  Should  be  made  clear.  In  a  broad  sense  the 
teitn  refers  to  a  list  of  certain  .activities  which,  occur  in  a  given 
situation  and  are  arranged  in  ah  order  of  occurrence.  As  used  in  this 
study  these  activities  include  verbal  commands,,  responses  to  commands. 
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Int^r-statlon  comraunications,  and  operator  actions.  The  sequence  of 
operations  includes  the  activities  occ’,irrihg  in  the  control  room  and 
bridges  areas.  In  those  situations  where  ah  order  originates  in  these 
areas  but  is  carried  out  elsewhere,  the  sequence  is  restricted  to  the 
activities  in  the  control  raoiii  and  bridge, 

it  must  be  emphasized  that  ah  operational  sequence  is  hot  an  ultimate 
test  of  a  proposed  panel-face  layout.  It  cdhhot  suggest  the  optimum 
display  or  oohtroi  necessary  in  a  given  situatlori.  it  cannot  even  in¬ 
sure  that  a  display  oi'  oohtroi  is  valid  for  a  giveh  situatioh.  What 
It  can  provide,  however.  Is  ah  indication  of  the  functions  which  must 
be  fuifllied  in  a  given  situation.  It  is  not  uncommon.  In  programs 
which  Involve  a  major  reorganization  and  redistribution  of  functions, 
to  "lose"  one  or  more  functions  in  the  process^  'Ihus,  in  a  new  or  re¬ 
vised  system  each  ttew  slaticr.  might  assume  that  the  other  stations  were 
fulfilling  function  "X"  whereas*  in  fact,  none  of  them  were.  Ah  oper¬ 
ational  sequence,  drawn  from  existing  systems  and  well-cohstruoted,  can 
can  isolate  such  "lost"  functions  and  bring  them  to  the  attention  of 
investigators  early  in  the  development  program. 

Other  characteristics  of  value,  v^ich  an  operational  sequence  can  be 
expected  to  indicate  *  Inclxlde  the  following! 

1)  the  temporal  relationship  of  the  various  entries 

2)  the  frequency  with  which  various  events  may  be  expected  to 

occur 

3)  the  interaction  among  the  functional  areas, 

0,2  ASSUMmoili: 

The  operational  sequence  study  was,  of  necessity,  based  oh  several 
assumptions.  These  assumptions,  together  with  their  rationales,  are 
indicated  below. 
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Assumption  1  The  Operatloha]  Sequence  Study  assumed  that  the 
submarine  under  consideration  would  be  an  attack-type,,  advanced 
•THRESHER  Class  design. 

The  bases  for  this  assumption  were  the  task  statements. -for  the 
Bureau  of  Ships  and  Bureau  of  Naval  Weapons  and  the  numerous  SUBIC 
memoranda j  which  indicated  that  the  hull  of  the  submarine  to  be 
studied  during  Phase  V  of  the  SUBIC  progiam  would  be  of  ah  advanced. 
THRESHER-  design. 

Assumption  2  The  Operational  Sequence  Study  assumed  that  the 
mission  of  the  submarine  under  consideration  would  be  to  seek  out 
and  destroy  enemy  submarines  and  surface  ships. 

This  assumption  was  made  on  the  basis  of  Infomatlon  contained 
in  the  text,  "Submarine  Fire  Control  and  Tactics  Manual,"  pub¬ 
lished  by  the  U.S.  Kavai  Submarine  School,  and  on  Assumption  1 
above,  which  specifies  an  attackrtype,  as  opposed  to  an  FEH  type 
submarine  (Ref, 

Asamiiptlon  3  The  Operational  Sequence  Study  assumed  that  the  sub¬ 
marine  under  cotiKldoratlon  would  be  capable  of  firing  any  of  the 
following  weapons! 

Torpedo  Mk  l6  Mod  6 

To;T?edo  .Yk  37  Mod  0 

Torpedo  Mk  37  Mod  1 

Torpedo  Mk  ^5  Mod  0 

SUBROC 
EX-10 


The  basis  for  the  above  assumption  was  the  capability  of  the  Mk 
113  r  -’e  Control  System  (presently  the  most  advanced,  operational 
equipment),  which  can  lavmch  any  of  tne  above.  More  advanced 
weapons  were  not  Included  in  the  assimed  capability  because  their 
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development  programs  are  not  sufflolently  advanced  to  define  the 
operation  of  all  oohtrojs  assoclal.d  with  preifirlng  and  guidance 
modes  oi‘  the  weapons  . 

Assumption  Jt  The  Operational  oequcnoe  Study  assumed  that  the 
mission  situatlono  specified  earlier  are  discrete  and  do  not 
occur  simultaneously. 

This  assumption  was  made  purely  for  expository  reasons;  It  is 
apparent  that  the  situations  are  not,  necessarily,  mutually  ex¬ 
clusive.  Por  example,  piloting  could  take  place  during  on-statlon 
patrolling,  if  the  patrol  area  is  Just  off  a  land  mass.  In  the 
same  vein,  an  ASV/  action  could  occur  vdilie  in  transit,  Howeverj 
to  avoid  redundancy,  and  to  provide  continuity  to  a  hypotheWcal 
submarine  mission,  the  situations  were  assumed  to  be  discrete 
events , 

8.3  METHOD 

In  deriving  the  operational  sequence  the  concern  was  primarily  with  a 
delineation  of  the  situations,  the  selection  of  sequential  entries, 
and  the  method  of  presentation;  Each  of  these  areas  is  discussed 
bPlefly  in  the  following  sections. 

8 . 3 ;  1  Deiine.  cl  on.  of  the  ..lltuat  ions 

The  first  phase  of  the  study  was  directed  toward  a  delineation  of  the 
seven  situations.  To  obtain  definitions  as  Tealistlo  as  possible  within 
the  constraints  oi‘  the  given  situations,  structured  interviews  were 
held  with  General  Dynamlcs/Electrlc  Boat  personnel  who  were,  while  on 
active  duty,  qualified  in  submarines.  Secohdary  sources  of  information 
were  pertinent  texts,  such  as  Knight's  Modern. Seamanship,  and  The, Watch 
0ffic.er.'.3  .Guide,.  From  Infoimiatlon  thus  acquired,  tentative  deflnitibha 
were  derived  and  utilized  in  a  rough  draft  of  the  first  three  opera¬ 
tional  sequences-. 

It  was  soon  apparent,  however,  that  certain  Umltationa  were  inherent 
In  the  situations  as  given.  Por  example,  the  separation  of  the  condlo 
tions  Getting  Underway  and  Piloting  appeared  artificial  in  the  context 
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of  a  sequence  of  operations.  It  was  also  apparent  that  presentation 
of  selected  casualties  could  best  be  made  by  dncorporatihs  the  rasual- 
ties  into  the  other  situations  rather  than  presenting  them  as  isolated 
situations,  since  casualties  occur  only  within  the  context  of  some 
other  situation.  Accordingly,  (a  reexamination  was  made  of  the  seven 
original  situations)  with  the  goal  of  consolidating  or  re-streoturlhg 
them  in  a  more  realistic  and  functional  manner.  This  resulted  in  the 
following  changes? 

1)  the  aettiiig  Underway  and  Piloting  situations  -were  combined 

2)  the  ASW  Snap  Shot  and  Selected  Casualties  dltuatioils  were 
eliminated  as  separate  situations,  but  were  incorporated  in  those 
remaining 

3)  the  Surveillance  situation  was  renamed  "6h-Statloh  Patrol'' 

As  a  result  of  these  changes,  the  situations  were  reduced  in  number 
from  seven  to  foufi  (It  should  be  noted  again,  however,  that  the  in¬ 
cidents  covered  in  the  eliminatea  situations  are  included  in  the  re¬ 
maining  situations.)  These  were  then  redefl??ed  in  light  of  the  above 
changes.  The  results >  which  represent  the  situations  as  flfially 
constituted,  Are  given  below. 

8.3.1>i  Definition  of  Situations 
Sltuatlori  T„.Qetting  Underway 

This  situation  jpertaiiis'  to  the  period  during  which  the  submarine  gets 
undervmy  from  its  berth  and  stands  out  of  the  harbor.  The  situation 
begins  with  the  stationing  of  the  Maneuvering  Watch,  and  continues  so 
long  as  the  submarine  is  maneuvering  in  the  channel  or  along  the  coast 
where  aids  to  navigation  are  available  for  fixing  position.  It  ends 
when  landmarks  are  no  longer  discernible,  Or  the  submarine  has 
submerged. 

Situation  2  ,  Titans  it  iiig- 

Tfansltlhg  refers  to  that  period  during  which  the  submarine  is  enroute 
frem  its  operating  base  tO  its  opereting  area.  The  situation  commences 
when  the  submarine  has  cleared  the  coast  aiid  taken  departure  for  its 
as8ig?)ed  area  Or  has  submerged.  The  period  temlhates  wheii  the  sub¬ 
marine  is  On'  station. 
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Slt\iatlQh..3.  OnTSta.tlon.PatroL 

The  patrol  altiiftion  selected  for  study  In  this  report  is  one  In  which 
the  submarine  is  on  station  and  conducting  a  continuous  search  for 
sub-surface  and  surface  targets.  The  situation  begins  when  the  sub¬ 
marine  arrives  on  station  and  temlnates  when  the  submarine  leaves  its 
operating  area. 

Situation  •')  „  A3W-0Q.  Action 

An  ASWiGQ  action  refers  to  the  period  during  which  the  submarine  de. 
tects,  classifies,  approaches,  and  attacks  an  enemy  vessel  under  op¬ 
timum  conditions  of  material  and  personnel  read^.;.-  's.  The  situation 
begins  with  the  detection  of  a  target  (in  this  Inoi-ance,  while  patrol¬ 
ling  on  statior.);  it  terminates  when  the  submarine  breaks  off  the  attack 
and  no  longer  is  in  immediate  danger. 

8.3i2  Se.lectlon  Af .fiCduentiai  Entries 

Phase  3  of  the  study  was  concerned  with  the  selection  of  the  events  to 
be  Included  in  tlie  four  situations.  It  was  apparent  that  all  events 
transpiring  during  an  operational  mission  could  not  possibly  be  in-, 
eluded  in  the  sequence)  therefore,  selection  of  appropriate  activities 
was  made  on  the  basis  oi  recommendations  obtained  from  operating  per¬ 
sonnel;  These  activities,  although  not  alliincluslve,  were  felt  to  be 
representative  of  those  which  one  might  reasoisably  expe.ct  to  encounter 
aboard  an  attack- type  submarine  at  sea.  They  are  indicated  in  the 
list  below. 

Getting  .Underway 
1 1  preparation 
?)  entering  the  channel 
3)  piloting 

Transiting 

1)  submerging 

2)  opera  cions  at  periscope  depth 

3)  gyro  failure 
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Qh-Stati6n^Patrk51 

1)  apprbach  oh  surface  ship 

2 )  ECM  contact, 

■3)  power  failure 

4)  shap^siiot  action 

ASW-QQ  Action 

i  )  d^ection  .and  ciasslflcatioh 

2)  approach 

3)  attacVc 

After  selection  of  the  gross  even^  to  be  included  in  the  sequence, 
the  process  6f  data  collection  in  the  field  vias  begun i  To  facilitate 
this  process,  the  situations  were  divided  into  two  geneivl  areas t  1) 
the  mere  prosaic  activities,  such  as  getting  underway  and  piloting} 
and  those  activities  which  Involved  an  approach  of  attack  .against 
ah  enemy  vessel. 

Sequential  entries  for  the  first  category  were  .drawn  from  three  sources: 

1)  USS  TH^SHER  Organization  and  Reflations  Manual  (Ref,,  8) 

2)  Quartennaater  log  books  from  USS  SklpjACK. 

3)  interviews  with  qualified  submarine  personnel 

The  various  operational  bills  contained  in  the  raiffiSHER  organization 
manual,  such  as  the  Maneuvering  and  Diving  Bills,  provided  valuable 
data  of  a  fneral  nature.  More  specific  items  were  ob^lned  from- field 
visits  to  the  forces  afloat.  Ah  Initial  interview  was  conducted  with 
the  Operations  Officer  of  Submarine  Squadron  10  concerning  the  goals  of 
the  study,  the  most  promising  sources  of  infoimiatlon,  and  the  maneuver¬ 
ing  problems  peculiar  to  single-screw  ships.  Subsequently}  interviews 
were  held  with  commissioned  officers  aboard  USS  SKIPJACK}  during  which 
uhfamUlar  entries  and  terminology  contained  in  their  quartermasters' 
logs  were  olarifledi 

-Sequential  items  for  the  remaining  category  (approach  and, attack)  were 
drawn  primarily  from  special  log  books  concerning  nuclear  subuiarlne 
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exercises,,  obtained  from  the  Submarine  Development  Group  Two.  Supple¬ 
menting  these  items  were  entries  from  pertinent  printed  matter,  par¬ 
ticularly  the  tactical  doctrine  for  the  Mk  37  Mod  0  torpedo >  arid 
training  films  of  the  Snbmarlrie  School  dealing  with  approach  and  attack 
tactics  (see  references).  These  sources  enabled  the  Investigators  to 
complete  the  rough  drafts  of  the  final  two  situations.  The  sltuatlons- 
were  then  pi'csented  to  officer-instructors  of  the  Tactics  Divlslori, 

U.S.  Naval  Submarine  School^  for  critical  review.  Followlrig  Incorpore- 
tlon  of  their  suggestions  into  the  narrative)  it  was  apparent  that  a 
marked  weakness  still  existed  in  the  details  of  the  snap-shot  Iricideritt 
Accordingly,  a  final  field  visit  was  made  to  the  office  of  the  off- 
duty  crew  df  USS  PATRICK  HENRY,  where  attention  was  focused  on  this 
area,  and  the  necessary  data  were  obtained. 

8i3*3  Method  of.  Presentation 

Having  selected  items  for  Inclusion  In  the  sequence..  It  remalried  to 
develop  a  format  to  present  them  In  a  useful  mantier.  It  was  apparerit 
that  some  form  of  tabular  presentation  would  be  desirable,  as  this 
would  allow  simultaneous  presentation  of  Items.  The  problem  of  the 
manner  of  categorization  of  the  sequential  Items  was  met  by  developing 
a  .series  of  column  headings  which  represented  broad  functional  areas. 
These  areas  corresponded  roughly  to  those  presumably  asspeiated  with 
the  four  console  faces  and  were  titled  "Command)  Ship  Control,  Sonar, 
and  Klre  ContMl."  (The  presumption  was  necessary  because  the  func¬ 
tions  assumed  by  each  console  were  not  known  at  the  time.)  A  fifth 
area,  Operations,  was  added  to  provide  some  Indication  of  the  remain¬ 
ing  furictlons  which  must,  ultimately,  be  accounted  for. 

The  advaritage  of  using  functional  areas,  rather  than  corisoie  t.itle.s, 
as  table  headings  was  that  such  areas  corresponded  generally  to  the 
consoles  arid  thereby,  facilitated  the  testing  process,  yet  were  not 
restricted  to  the  functions  ultimately  assigned  the  consoles.  Thus, 
the  Investigators  had,  freedom  to  proceed  without  waiting  for  completion 
of  the  functional  analyses  of  the  consoles  by  other  investigators.  It 
must  be  emphasized  that  inclusion  of  a  seque  tial  item  In  a  given  func¬ 
tional  area  does  not  suggest  that  It  should  be  necessarily  handled  by 
the  equivalent  corisoie. 
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8. 3. 3.1  ^finltlona  of  Functional  Areas 

Brief  statements  of  the  scope  of  the  iuhctlonal  areas j  as  used  in  the 
operational  sequence,  are  given  below. 

Command, Area 

Wie  Command  area  refers  to  that  area  which  assumes  uitimatfe  respphslr 
bility  fpr  the  direction  and  ephtroi  of  the  total  submarine  system  so 
as  to  achieve,  the.  mission^  objectives,. 

Ship  C6htr61..Area, 

The  functions  of  ship,  control  encompass  aU  those  operations  that  per¬ 
tain  to  control  of  the  velocltyj  spatial  attitude,  and  orientation  of 
the  submarine i 

Sonar  Area 

The  sonar  area  includes  the  functions  associated  with  th^  detection, 
classification,  and  localizatlpn  of  all  waterborne  noise  sources-. 

Fire  ^Control  :Area. 

The  function  of  the  fire  control  area  is  to  launch, and  control  a  weapon 
so  that  it  collides  with  or  explodes  near  a  target  and,  thereby,  causes 
the  target's  destroctiohi 

Operations  Area 

The  Operations  area  includes  responsibility  for  the  safe  navigation  of 
the  ship  and  for  the  transmission  and  reception  of  all  electromaghetic 
radiation  external  to  the  ship,  exclusive  of  sonar. 

8iM  INTERPRETATION  0*^  THE  SEQUENCE 

The  operational  sequenfeS  is  presented  in  paragreph  8.5.  A  few  notes 
are  in  order  cdncornlhg  its  Iriterpretatlon, 

1)  The  sequence  presents  only  selected  events  from  a  hypothetical 
operational  mission.  No  attempt  Was  made  to  include  all  events 
possible j  or  even  likely^  as  such  ah  effort  was  :^yohd  the  scope 
of  the  present  phase.-.  Ah  attempt  was  made,  however j  to  select 
evehts  which  were  representative  of  those  activities  commonly  en¬ 
countered  or  anticipated  in  a  given  setting. 
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2)  With  few  exceptions,  the  tiianner  in  which  given  incidents  wsx« 
handled  represented  only  one  of  several  possible  ways  of  coping 
with  these  incidents i  It  was  not  meant  to  imply  that  the  manner 
depicted  necessarily  was  doctrine.  The  events  as  described,  how¬ 
ever,  are  believed  to  be  entirely  feasible  within  the  context  of 
a  given  situation. 

3)  The  reader  should  note  the  "Intlal  conditions"  pages  which 
precede  each  of  the  four  situations  covered  in  the  sequence; 

These,  together  with  the  assumptions  stated  in  this  chapter,  pro¬ 
vide  the  background  necessary  to  intc.-prot  the  events  covered  in 
the  situations'; 

t)  With  respect  to  the  colunin  labeled  "Time"  in  the  sequence,  the 
numbers  in  this  coliunn  represent  time  in  minutes  since  the  be¬ 
ginning  of  the  situation. 

8.3  OPEHAl'IOMAl/  dKQURNCE  DETAIb 

8; 5.1  Getting  Underway 
initial  Conditions 

A  state  of  war  is  considered  to  exist  between  the  United  States  and  a 
foreign  power; 

The  submarine  is  moored  portsldo  to  a  finger  pier  at  a  U.S.  Naval 
Operating  Base,  with  standard  mooring  lines  doubled. 

During  the  past  hours  the  ship  has  been  making  preparations  for 
sea,  in  accordance  with  a  given  operations  order.  During  this  Interval 
it  has  received  aboard,  a  full  warioan  of  weapons,  and  supplies  and 
equipment  for  an  extended  patrol  at  sea. 

The  operations  order  directs  the  submarine  to  proceed  to  a  specific 
station  and  conduct  offensive  operations  against  enemy  sub-surface  and 
surface  targets. 

The  operational  sequence  is  outlined  li.  Table  0-1. 
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8. 5*2  Transit 
initial, Conditions 

At  the  beginning  of  the  situation  the  submarine  is  rigged  for  dive  on 
the  surface,  but  with  ail  preparations  for  submerging  completed. 

The  COD  has  secured  and  cleared  the  bridge^  and  has  descended  into 
the  cohtTOl  room.  The  ship  Is  on  course  110'' ,  engines  ahead  standard, 
as  the  diving  alarm  la  sounded. 

Two  primary  activities  are  covered  In  this  situations  the  dive  Itself, 
and  the  Interval  during  which  the  submarine  planes  to,  periscope  depth. 

A  casualty  Ih  the  foiih  of  a  gyro  failure  is  also  iholudedi 

The  operational  sequence  is  outlined  In  Table 
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8,5.3  On-Statloh  Patrol 

As  the  situation  begins,  the  subharlt.e  is  submerged  on  station j  and 
patrolling  its  area  in  aocordahce  with  a  prescribed  j^ttern.  Initi- 
a,ily>  its  course  is  055°,  speed  five  knots,  and  depth  300  feet.  It 
holds  ho  contacts  on  its  sonar.  The  submarine  has  two  tubes  ready 
in  snapshot  condition,  and  two  additional  tubes  loaded  but  secured. 
Unless  otherwise  specified,  all  weapons  are  assumed- to  be  torpedoes 
Mk  '37  Mod  p. 

During  this  situation  the  submarine  makes  an  approach  oh  a  surface 
ship,  is  forced  deep  as  a  result  of  an  ECM  contact,  sustains  a  power 
failure,  and  fires  two  weapons  under  snapshot  conditions. 

The  operational  sequence  is  outlined  in  Table  8-3 < 
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_ASW  Action 

At  the  Beginning  of  this  situation  the  submarine  is  patrolling  its 
area  on  a  course  of  O85’,  speed  five  knots^  and  depth  5^' feet.  It 
holds  ho  sonar  contacts  i  Two  tubes,  are  ready,  in  ;snapshot  c6hdltionj’ 
remaining  tubes  are  loaded  but  secured.  All  weapon.?  are  aasuined  to 
be  torpedoes  Mk  37  Mod  6,  unless  otherwise  specified. 

This  sltuatlcn  describes  the  ASW  action  from  the  ihitlai  detection  of 
an  enemy  submarine  to  the  cohciusloh  of  the  action. 

The  opewtional  sequence  is  outlined  in  Table  8-4. 
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8.6  OPERATIONAL  SEQUENCE  TESTS  OP  PANEL-FACE  LAYOUTS 


8.6,1  Ship  Control  Oporatlonal.Sequence  Test  of  Conaole  Feasibility 


8. 6. 1.1 

Getting  Underway 

Time 

Ship  Control 

Activity 

0  O* 

Mane  Stations 

1)  operator  sits  down  at  cohsoie 

2)  requests  Maintenance  Monitoring 
Station  to  turn  on  power  to 
controls  and  Indicators 

9  □ 

Teats  steering  systems 
and  rudder  angle 
Indicator 

1)  positions  Steering  Mode  Selector 
on  Secondary 

2)  moves  Joystick  to  various  posi¬ 
tions  and  observes  corresponding 
movement  on  rudder  angle 
Indicator 

3)  positions  Steering  Mode  Selector 
on  Tertiary 

4)  removes  emergency  helm  and 
repeats  (2) 

□ 

o 

Tests  annunciators 

1)  Informs  maneuvering  room  via 
speaker  that  annunciators  eve 
being  tested 

2)  sets  .annunciator  to  various 
speeds 

3)  monitors  compliance 

□ 

Teats  Main  Induction 
Valve 

Performed  at  Monitoring  Station 

12  > 

Requests  pemlssion  to 
test  screw  or  turbines 
and  propulsion  motor 

Not  performed  at  Ship  Control 
Station  (S.C.) 

il  o 

Tests  screw 

Not  performed  at  S.C. 

□ 

Checks  air  cut  Into 
whistle 

Not  performed  at  S.C. 

6 

Orders  Maneuvering  to 

Communicates  onler  via  speaker 

Standby  mike 


•O  ACTION,  ADDRESSEE, 

□  SELF-INITIATED  ACTION 
§  INFORMATION  TRANSMIT'TED 
O  INFORMATION  ADDRESSEE 
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Time  Ship  Control 

O  Puts  ruddci*  amidships 


36  O  Sings  up  all  back  1/3 

O  Puts  rudder  right  full 

31  O  Rings  up  ail  stopj 

shifts  rudder  to  left 
full 

O  Rings  up  ail  ahead  2/3 

33  O  Rings  up  all  stop  and 

all  back  2/3. 

6  Shifts  rudder  to  right 

full 

35  ,0  Rings  up  all  stop;  , 

shifts  rudder  to  left 
full 

O  Rings  up  all  ahead  2/3 

37  0  Checks  the  swing 

O  Stead'*  es  up  on  170® 


Activity 

1)  steering  mode  selector  set  at 
Secondary 

2) ,  SQUIRE  Is  set  for  TV 

periscope. 

3)  Joystick  is  moved  to  amidships 
position 

j  }  positions  annunciator  to  back 
1/3  , 

2)  observes  maneuvering  room 
answer  on  annunciator 

Moves  joystick  control  to  right 

full  rudder  position 

1)  positions  annunciator  to  all 
stop 

2i  monitors  compllahcb 

3)  moves  Joystick  to  left  full 
rudder  position 

1)  positions  annunciator  to  ahead 
2/3 

2)  monitors  compliance 

1)  positions  annunciator  to  ail 
stop 

2)  monitors  compiiance 

3)  repeats  i)  and  2)  for  ail  back 
2/3 

Moves  Joystick  to  right  fu^ 

rudder  position 

1)  positions  annunciator  to  all  stop 

2)  monitors  oompllahde 

3)  moves  joystick  to  left  fuii 
position 

1)  positions  annunciator  to  ahead 
2/3 

2)  monitors  compliance 

1)  moves  Joystick  to  reduce  rudder 
angle 

2)  monitors  gyro  repeater 

1)  positions  Joystick  to  reduce 
•turn  rate  to  tefo  at  170° 
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Time 

Shlp^Controi 

Activity 

38 

o 

Rings  up  all  ahead  1/3 

1)  positions  annunciator  to  ahead 
1/3 

2)  monitors  compliance 

i(? 

o 

Changes  course  to  174“ 

1)  positions  Joystick  to  change 
course 

2)  monitors  gyro  repeater 

44 

o 

Continues  awing  to  177“ 

Repeats  1)  and  2)  above 

Allows  no  deviation  to 
left  of  177“ 

1)  monitors  gyro  repeater 

2)  moves  Joystick  to  right  when 
neoessai'y 

46 

o 

Rings  up  all  ahead  2/3 

1)  positions  annunciator  to  ahead 
2/3 

2)  monitors  compliance 

o 

Changes  course  to  171“ 

moves  Joystick  to  change  coui’se 

2)  monitors  gyro  repeater 

3)  moves  Joystick  to  reduce  turn 
rate  at  171“ 

50 

6 

Rings  up  67  rpm 

1)  ceils  down  67  rpm 

2}  monitors  ccmpllahce  on  rpm 
Indicator 

55 

o 

Changes  course  to  168“ 

1)  moves  Joystick  to  change  course 

2)  monitors  gyro  repeater 

3)  moves  Joystick  to  reduce  turn 
rate  to  zero  at  168“ 

64 

o 

Seta  regular  sea 
detail 

K6  change  made  In  station 
complement 

65 

6 

Rings  up  all  ahead 
standard 

1)  positions  annunciator  to  ahead 
staidsrd 

2)  monitors  compliance 

7i 

o 

Changes  course  to  162° 

1)  moves.  Joystick  lb  change  course 

2)  monitors  gyro  repeater 

3)  moves  Joystick  to  reduce  turn 
rate  to  zero  at  162“ 

t> 

"Request  permission  to 
test  planes  and  bridge 
hatches" 

Verbally  requests  peiwlsslor  of 
Command  or  0.0. D> 
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Time  Ship  Control 

Q  Teats  planes  and 
hatches 


^  "Request  pemlasioh  to 

test  blowing  of  tanks" 

O  Tests  air  to  MBTs 


8k  O  Puts  rudder  left  15°} 
steadies  on  course 
110" 


b  Receives  "Rigged  For 

Dive"  reports  from  all 
compartments 

□  insures  that  ship  Is 

properly  compensated 


127  C>  "Ship  rigged  for  dive 
arc!  compensated" 


Activity. 

1)  hatches  are  checked  locally,. 
Ihuividual  Indicators  are  moni¬ 
tored  c.t  Monitoring}  cr.itlcal 
Indldatdrs  are  monitored  at 
Ship  Control 

2)  positions  Dlvltig  Mode  Selector 
on  Secondary 

3)  moves  Joystick  to  various  posi¬ 
tions  and  observes  movement  on 
stern  and  falrwater  planes 
Indicators 

Verbally  requests  permission  of 

Command  or  0.0. D. 

1-'  monitoring  station  operator 
connects  air  bank  to  blower 
system 

2)  S.C.  operator  observes  air 
supply  Indicator  for  adequacy 

,  (green) 

3)  moves  dual  lever-lnigroove,  con¬ 
trols  back  and  activates. blower 

k)  monitors  Indication  of  blower  Oh 

l)  moves  Joystick  until  rudder 
angle  indicator  shows  15®  left 
rudder 

2)  mohitors  gyro  repeater 

3)  moves  Joystick  to.  reduce  turn 
rate  to  zero  at  110® 

Checks  summary  Indicators  at  con¬ 
sole}  Monitoring  OpentOr  also 

checks  his  Indicators 

1)  checks  to  see  if  ship  properly 
compensated  (water  levels  ih 
trim  tanks)  for  diving 

2)  makes  adjustment  in  water  levels 
If  necessary 

Reports  ship  secured  for  submerging 
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8. 6. 1,2  Transit 
^'Ime  Ship.  Control 


Activity 


0  o 


> 

> 

1  o 


Opens  all  main  vents: 
shuts  ventilation  ex¬ 
haust  velves}  shuts 
putboard  Induction 
valve }  puts  rudder 
amidships!  rings  up  ail 
ahead  2/3,  tests  planes 


"Straight  Board" 

"Wanes  working 
satisfactorily" 

Planes  toward  oraewd 
depth 


1)  vents  opened  using  dual  levers 
In-gfoove  controls 

2)  ventilation  exhaust  and  out¬ 
board  induction-  valves  shut  at 
Monitoring  (M.O.)  InalcaLors 
monitored  at  Ship  Control 

•  (S.C.) 

3)  moves  Joystick  to  amidships 
position 

4)  positions  annunciator  to  ahead 
.  2/3 

5)  monitors  compliance 

o)  positions  Diving  ModP  Selector 
to  Secondary 

7)  moves  Joystick  to  various  posi¬ 
tions  and  observes  movement  on 
fairwater  and  stem  planes 
indicators 

In  addition,  the  operator  vould 
perform  the  following  prlo:  to 
diving 

8)  positions  the  DlspUy  Selector 
to  Oh 

9)  set  a  maximum  rudder  angle  and 
maxlmimi  pitch  angle 

10)  aet  the  Depth  Scale  Selector 
to  shallow 

11)  sfet  the  Planes  Ratio  Selector 
to  some  position 

12)  set  a  gain  (fine  or- course)  for 
SQUIRE 

13)  position  the  Trim  Mode  Selector 
to  Secondary 

Verbal  report  to  Coiutiand  that  ship 
Is  for  dive 

Verbal  report  to  Command  that 
planes  are  functioning  properly 

1)  enters  ordered  depth  via  key¬ 
board  to  position  ordered  sym¬ 
bol  on  SQUIRE 

2)  moves  Joystick  forward  initia¬ 
ting  dive 
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Ship  Control 

□  Shuts  all  main  vents 
(when  passing  ft) 


^  "All  vents  shut" 

□  Proceeds  to  ordered 

depth 


O  Rings  \ip  all  ahead  1/3 

^  "Permission  to  cycle 

the  vents" 

O  Cycles  the  vents 


O  Manipulates  trim  coni 

trols  to  obtain  satis¬ 
factory  trim 

t*  "Steady  oh  110  ftj 

trim  satisfactory" 

□  Shifts  to  automatic 

maneuvering  control 


O  Rings  up  all  ahead 

full;  Dive  at  10'  to 
ordered  depth 


I>  "Steady  on  200  ft" 

t>  "Gyro  Failure,  Gyro 

Failure" 


Activity 

1)  moves  dual  lever-lh-groove  con¬ 
trols  back  to  neutral  position 
to  close  vents 

Verbal  report  to  Command 

1 )  positions  quickened  symbol  or, 
ordered  symbol;  holds  until 
actual  symbol  is  superimposed 
on  ordered  symbol 

2)  sets  Gain  Selector  to  "Pine" 
position 

Procedure  described  previously 

Verbal  request  of  Command 


Opens  forward  and  after  MBT  tank 
group  vents  separately  using  lever- 
Inigroove  controls;  closes  vents 
after  cycling 

Depresses  the  trim  correct  button; 
tanks  adjustment  accomplished 
automatically 

Verbal  report  to  Command 


1)  positions  Steering  Mode  Selector 
on  Primary 

2)  positions  Diving  Mode  Selector 
on  Primary 

3)  checks  Neutral  Angle  Selector 
for  O’  setting 

1)  positions  annunciator 

2)  monitors  compliance 

3)  sets  Pitch  Selector  to  lO” 
enters  200  ft  In  keyboard 

5)  monitors  SQUIRE 

Verbal  report  to  Command 

Verbal  report  to  Command 
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Tlhie 

o 


35  6 

36  > 


1600  o 
6 
O 

> 

iC09  O 
1610  O 

1621  O 

1622  t> 

1623  □ 


Ship  Control. 


Activity. 


Shifts  from  automatic 
to  manual  control 


Compares  SINS  heading 
with  new  repeater 
heading;  when  coin¬ 
cidental,  shifts  back 
to  automatic  contiwl 


■> '  To  hold  course,  operator 

switches  to  automatic  maneuver¬ 
ing;  sets  mean  course  control 
to  110®. 

2'  Steering  Mode  Selector  set  to 
Secondary 

3)  Joystick  moved  to  hold  course; 
automatic  control  of  depth 

Steering  Mode  Selector  set  to 

Primary 


"Repeater  back  on  the  Verbal  report  to  command 
line;  have  shifted  to 
automatic  control" 


Rings  Up  all  ahead  1/3  Procedure  described  previously 
Planes  tc  100  ft  Same  as  above 


Places  rudder  right 
10'’:  comes  to  course 


"Steady  on  270®  " 


1)  sets  Rudder  Selector  to  10® 

2)  enters  270®  Right  to  position 
ordered  symbol 

3)  drives  quickened. symbol  to  or¬ 
dered  symbol  via  Joystick 

Verbal  report  to  Command 


Places  rudder  right 
10" :  comes  to  course 

090' 


Courseichanging  maneuver  described 
previously 


Raises  induction  mast; 
checks  negative  flood 
shut;  opens  negative 
vent;  opens  l.iductioh 
drain  to  negative  tank 


]•)  perfomed  at  Monitoring  Station 

2)  observes  negative  flood  Indicator 

3)  positions  leverilook  switch  to 
open 

4)  performed  at  Monitoring  Station 


Planes  up  to  70  ft 


"Steady  on  70  ft" 


Depth-changing  maneuver  deacidbed 
previously 

Verbal  report  to  Command 


Compensates  as 
necessary 


If  necessary,  that  is,  when  orltl- 
cailty  Indicators  show  heed  for  com¬ 
pensation,  trim  correct  button  la 
depressed  with  water  being  expelled 
from  aax.  tanks  in  usual  case 
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Time 

Ship  Control 

1625 

0 

Planes  up  to  64  ft 

1627 

0 

Planes  up  to  62  ft 

3628 

□ 

Compensateq  as 
necessary 

1630 

>■ 

"Rigged  to  yentllate 
trim  satisfactory" 

1631 

0 

Opens  induction  and 
ventilation  exhaust 

valves;  starts  low 
pressure  blowers; 
starts  induction  booster 
fans 


Aetj  viti' 

Maneuver  described  previously 
Same  as  above 
Described  previously 


Verbal  reports  to  Command  from 
Monitoring  and  Ship  Control 

1)  order  for  blowers  relayed  via 
Ship  Control;  all  other  task 
aspects  performed  at  Monitoring 
Station 


l6!|0  □  Compensates  for  pumping  Trim  correct  button  is  depressed  to 
as  necessary  effect  compensation 


1685  O  Secures  the  low  press¬ 
ure  blower;  shuts  the 
induction  and  ventila¬ 
tion  exhaust  valves; 
shuts  induction  mast 
drains  to  negative  tank; 
lowers  Induction  mast; 
secures  the  induction 
booster  fans;  shuts 
negative  vent 


1694  > 

"Secured  from  ventila 
ting" 

.1695  □ 

Compensates  as 
necessary 

1696  0 

Planes  down  to  200  ft 

8. 6. 1.3 

On-Statlon  Patrol 

1)  order  to  secure  blower  relayed 
via  Ship  Control 

2)  vent  shut  at  station;  all  other 
task  aspects  performed  at  Moni¬ 
toring  Station 


Verbal  report  to  Command 


Described  previously 


Maneuver  described  previously 


O  Places  rudder  left  15';  With  Diving  Mode  ahd' Steering  Mode 
steadies  on  000*  Selectors  set  at  Primary 

1)  max.  rudder  selector  Is  set  at 

2 )  000  is  entered  via  keyboard 

3)  SQUIRE  is  monitored 
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Time 

Ship  Control 

Activity 

1 

9 

0 

Orders  turns  for  3  kts 

1)  order  relayed  via  speaker 

2)  order  is  acknowledged  verbally 

3)  knots  indicator  monitored 

t 

i6 

o 

Places  rudder  left  15°: 
steadies  on  course  270° 

Procedure  described  previously 

i 

26 

o 

Places  rudder  right 
lO"* ;  steadies  oh 
course  322° 

Procedure  described  previously 

9 

1. 

Rings  up  all -ahead  2/3} 
orders  turn  for  10  kts 

Both  procedures  described 
previously 

r' 

} 

35 

0 

Rings  up  all  ahead  1/3 

Procedure  described  previously 

i. 

36 

o 

Planes  to  100  ft 

1)  enters  100  ft  via  keyboard 

2)  monitors  SQUIRE 

L 

r 

f  “ 

37 

o 

Places  rudder  right 

20" j  steadies  on  course 
000"' 

Procedure  described  previously 

30 

o 

Places  rudder  left 
full}  steadies  on 
course  292° 

Procedure  described  previously 

i. 

41 

p 

Planes  to  70  ft 

Procedure  described  previously 

i: 

f  • 

46 

o 

Planes  to  68  ft 

Same  as  above 

□ 

Maintains  Depth  within 

6  Inches  of  ordered 
depth 

1)  sets  gain  control  to  "fine" 
position 

2)  monitors  SQUIRE 

i 

49 

o 

Planes  down  to  200  ft 

Procedure  described  previously 

r 

j 

54 

o 

Places  rudder  rl^t 

20°  5  steadies  on 
course  072° 

Procedure  described  previously 

(• 

j 

268 

o 

Planes  to  100  ft 

Procedure  described  previously 

I ' 

rxaCcS  rUduST  IbTv 
steadies  on  course  oho^ 

Fi'odedufe  described  previously 

L 

1' 

273 

0 

Places  rudder  right 

20°;  steadies  on  course 
110^ 

Same  as  above 

L 
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Time  Ship  Control  Activity 

275>  O  Places  rudder  left  IS"?  Same  as  above 

steadies  on  course  OSO'^ 

277  O  Planes  to  70  ft  Procedure  described  previously 

280  O  Planes  to  6li  ft  Same  as  above 

O  Assumes  25'’  dovm  bubble  If  speed  is  essential, 

and  planes  to  700  ftj  1-)  override  control  Is  depressed 
rings  up  all-ahead  2/3  and  Joystick  moved  to  dive  posi¬ 
tion  to  drive  quickened  symbol 

2)  pitch  selector  sot  to  25° 

3)  annunciator  set  to  all-ahead  2/3 
5)  700  ft  entered  via  keyboard  to 

position  ordered  symbol 
5)  Joystick  can  be  centered  to 
allow  automatic  control  system 
to  take  over 

287  I>  "Steady  on  700  ft"  Verbal  X'aport  to  Command 

288  O  Rings  up  all-ahead  1/3  Procedure  described  previously 

mmmmhmmmMM  9  m-mMmwkum*ts9mmamummmua9%u 

385  O  Planes  to  100  ft  Procedure  described  previously 

392  O  places  rudder  left  Procedure  described  previously 

full;  .steadies  on  course 
085° 

397  O  Planes  to  70  ft  Procedure  described  prew<ouBly 

399  □  Compensates  as  required  Trim  correct  button  depressed,, trim 

imbalance  corrected  automatically 

^100  O  Planes  to  63  ft  Procedure  described  previously 

l|l8  "Lost  automatic  Verbal  report  to  Command 

control" 

'118  O  Shifts  to  emergency  1)  status  mode  panel  Indicators 

mode;,  planes  to  200  ft  will  direct  operator's  behavior; 

if  failure  Is  complete.  Diving 
and  Steering  Mode  Selectors  are 
set  ;o  Tertiary  and  second  opera¬ 
tor  takes  emergency  helm  ( rudder) 
■>)  ship  control' operator  pla.\es  to 
ordered  depth  while  secon(i 
operator  holds  course 
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Time  Ship  Control  Activity 

A23  O  Shifts  planes  and  rud-  1)  i/pth  mbde  selectors  set  to 

der  to  primary  mode  Primary  arid  wheel  is  deactivated 

2 )  new  depth  is  entei>ed  via  -key¬ 
board 

Q  Places- -rudder  left  Procedure  described  previously 

full}  steadies  oh 
course  325° 

^26  O,  Places  rudder  right  Procedure  described  -previously 

10® }  steadies  on 
ebiirse  31)5® 

□  Mans  battle  stations  1)  Steering  and, Diving  Mode  Selec¬ 

tors  set  at  Secondary 

2)  second  operator  stands  by 

Q  Puts  rudder  right  15® }  1)  se^  Rudder  Selector  to  I5® 

steadies  bn  -course  lOO®  2 )  enters  100®  via  keyboard 

3)  moves  Joystick  to  come  to 
ordered  course 

1*93  O  Planes  to  300  ft,  com-  1)  checks  6r  changes  Pitch 

perisatlng  as  required  Selector, Setting 

2)  enters  360  ft  via  keyboard 

3)  moves  Joystick  to  oomo  to 
ordered  depth 

1*)  depress  trim  correct  button  if 
necessary. 

1*98  O  Secures  from  battle  li  sets  Mode  Selectors  to  Primary 

stations  2)  second  operator  leaves  station 


8. 6. 1.1)  ASW  Action 


1  O  Orders  turns  for  3  kts  Relays  order  via  speaker  mike 


3  O  Places  rudder  left  15®;  1)  sets  Rudder  Selector  to  15® 
steadies  on  course  050'’  2)  enters  056®  via  keyboard 

3)  in  Secondary,  drives  quickened 
symbol  via  Joystick 


1*  O  Planes  to  1*00  ft  1)  sets  Pitch  Selector  to  appro- 

private  setting 

2)  enters  i|06  ft  via  keyboard 

3)  drives  quickened  s^bol  via 
Joystick 

io  O  Planes  to  350  ft  Procedure  described  previously 
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Time  Ship  Control  Activity 

12  O  Cornea  left  to  course  Procedure  described  previously 

030" 

O  Places  rudder  left  IS’;  To  obtain  Fine  Control,  Qeln  Mode 
steadies  on  course  Selector  la  set  to  "fine" 

005“ 

18  O  Places  rudder  left  20  ;  Procedure  described  previously 
steadies  on  course  316' 

2.1  O  Places  nidder  left  15^ ;  Same  as  above 
steadies  on  course  000® 

O  Places  rudder  left  Same  as  above 

full}  steadies  on 
course  315® 

28  O  Places  rudder  right  l)  procedure  for  changing  course 

15®:  steadies  on  course  described  previously 
33*5'’  }  rings  up  all  2)  sets  annunciator  to  ahead  2/3 
ahead  2/3}  orders  turns  3)  monitors  compliance 
built  up  slowly  4)  relays  order  for  slow  build-up 

via  speaker  mike 

5)  monitors  cavitation  indicators 

□  Mans  battle  stations  Second  operator  stands  by  at 

station  console 

O  Comes  right  to  350'  Procedure  described  previously 

iJO  O  Rings  up  all  ahead  1/3}  Both  procedures  described 

steers  course  354®  previously 

Orders  turns  for  2  kts  Order  relayed  via  speaker  mike 

70  O  Places  rudder  right  Procedure  described  previously 

full}  steadies  on  175’ 

74  O  Secures  from  battle  1)  second  operator  leaves  station 

stations  2)  Steering  and  Diving  Mode  Selec- 

vOrs  cs”  *25  2st  to  Prini9t*y 
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CONRDENTIAL 


8.6.2  Sonar  Surveillance  Operational  Sequence, Tesjb  .of,  Console 
1-Vaslb'lJ.ity - - 

An  opei>atlonai' aeqi' '  ice  teat  was  oonciuoted  in  order  to  evaluate  the 
feasibility  of  the  sonar  surveillance  console.  The  test  Involved 
tc^ulatlng  the  methods  employed  by  sonar  operators  In  carrying  out  the 
tasks  Indicated  In  the  operational  sequence.  The  feasibility  under 
four  conditions  was  examined.  These  conditions  werej  1)  Getting 
Underway}  2)  Transiting}  3)  Patrolling  On  Station}  ASW  Action.  A 
comparison  of  the  required  activities  and  the  capability  for  such 
tlvltlea  provided  by  panel  face  controls  and  displays  Indicated  that 
the  console  was  operationally  feasible. 

8.6. 2.1  Getting  Underway 


Time 

00  O 


09  □ 


Sonar 

Mans  Stations  Sonar  Initial  detection  operator  and 

supervisor  man  sonar  stations. 
Supervisor  mans  frequency  monitoring 
station.  ,He  monitors  classification 
station  at  Intervals. 

Tests  and  Checks  Sonar  operator  and  supervisor  turn  on. 

Sonar  Systems  check,  and  test  all  sonar  surveillance 

equipment:  Initial  detection,  fre¬ 
quency  monitoring,  tracking  (active 
and  passive),  and  classification. 


57  n  Commences  Searching  Initial  detection  sonar  6}>erator  com- 
Forward  of  Beams  mences  monitoring  main  display}  only 

reports  contacts  forward  oi*  the  beam. 
Obsei'ves  nviln  CRT  display  (bearing 
vs  amplitude),  bearing  time  recorder 
(BTR),  and  listens  to. audio  signals 
through  earphones  while  training 
audio  beam  manually.  Operator  at 
frequency  monitoring  station  also 
observes  Demon  and  BSM  displays. 
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Time 


Sonar 


58  t>  "No  Contacts  Other 

Then  Surface  Ship  Off 
Starboard  Bow" 


61  O  Commences  Full  Search 


O  Seta  Reg.  Sea  Detail} 

Continues  Full,  Con¬ 
tinuous  Sweep  With 
Sonar 

>  "No  Additional  Contacts 


Sonar  Initial  detection  operator- 
reports  oh  only  contact  he  has.  de¬ 
tected;.  surface  ship  off  starboard 
bow.  Ship  was  detected  on  CRT. 

Sonar  Initial  detection  operator 
concentrates  searching  on  full  360® . 

Maneuvering  watch  sonar  operator  is 
relieved  by.  i-egular  section  watch 
operator.  Maneuvering  watch  opera¬ 
tor  passes  on  Instructions  to  con- 
tlnu-,:  conducting  full  search  using 
'both  aural  and  visual  displays. 
After  conducting  search,  reports 
"no  additional  contacts." 


>  Information  Transmitted 
0  Information  Addressee 

O  Action  Addressee 

**  ♦ 

□  Self-lhltlated  Action 


8.6, 2. <;  Transit 

Time  Sonar 

02  >  "No  Contacts"  After  diving  2nd  reachl.ng  ordered 

depth,  sonar  Initial,  detection  op^ 
era tor  monitors  main  CRT  and  con¬ 
ducts  aural  search  in  azimuth  at 
various  depression  and  elevation 
angles.  Reports  "no  contacts." 
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Sonar 


Time 


20  >  "Biological  Noise 

Bearing  l64°" 


1608  >  "No  Contacts" 


1651  ^  "Possible  Noise  Level 

Bearing  320®  " 


165'!  >  "Contact  Bearing  320® 

Evaluated  as  Pish" 


8. 6. 2. 3  On-Stafclon  Patrol 

00  >  "f’aint  Noise  Level.,. 

BRQ  610®" 


02  >  "Noise  Level  Brg  001® , 

Weak  and  Intermittent" 


OH  >  "Noise  Level  Brg  005®" 


Prom  aux’al  display  (earphones), 
sonar  operator  detects  a  noise  in 
the  water  bearing  l6'l®  true.  Iir;- 
medlately  after  detecting  it,  he 
identifies  it  as  a  biological  noise 
(fish,  shrimp,  whale,  etc.).  This 
evaluation  v;as  made  on  the  basis  of 
aujal  information  received  over  the 
earphones. 

After  a  change  in  ship's  depth  and 
course,  the  sonar  operator  again 
conducts  a  full  search  (aural  and 
visual)  and  reports  "no  contacts." 

Sonar  operator  has  detected  noise  in 
the  water  bearing  320®  true.  Has 
not  been  able  to  confirm,  that  it  is 
not  ambient.  This  possible  noise 
was  detected  on  both  visual  (CRT) 
and  aural  (earphones)  displays. 

Utilizing  both  earphones  6nd  fre¬ 
quency  monitoring  recorders,  the 
sonar  supervisor  has  evaluated  the 
contact  at  320”  as  fish. 


Sonar  initial  detection  operator 
has  detected  a  possible  target  bear- 
li’ig  010®.  Detection  was  made  oh 
main  initial  detection  (I.Di)  CRT, 
broad  band  sweep. 

Initial  detection  operator  reports 
possible  contact  bears  OO^”  as  de¬ 
termined  on  selected  fixed  band¬ 
pass  'sweep  of  main  I.D;  CRT. 

Contact  now  bears  065®  true  as  de¬ 
termined  by  further  refinement  of 
D/E  angle,  frequency,  .and  audio  sig¬ 
nal  level  at  Initial  dutv-jliu:: 
station. 
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Sonar 


06  >  "Noise  Level  Brg  004°; 

Evaluate  as  Mechanical; 
Designate  as  Contact 
S-4" 


Contact  bearing  004"  true  Is  eval¬ 
uated  as  mechanical  noise  as  deter¬ 
mined  by  aural  and  visual  classi¬ 
fication  procedures.  Classification 
operator  evaluates  spectral  fre;. 
quency  characteristics  presented  on 
classification  recorder;  Designated 
as  contact  S-4. 


07  O 


10  > 


12  > 


Tracking  Party  Mans  Tracking  party  nans  stations. 
Stations;  One  Siib-Sys-  passive  track  operator  Initiates 
tem  is  directed  Conti hu-t reck  of  contact  S-4  uslrig  selec- 
ously  at  S-4;  another  tlon  controls  and  track  ball, and 
makes  full  sweeps  observes  main  passive  track  CRT 

display.  Initial  detection  opera¬ 
tor  continues  search  with  visual 
and  aural  displays. 

"Contact,  Drg  001°,  3  DB  Passive  track  operator  reports  con- 
louder,  Slow  Speed  tact  S-4  now  bears  001°  true  and 
Screw,  Light  Cavltatlon;nolae  level  has  increased  3  db  as 
Probable  Merchantman"  observed  by  signal  level  meter.. 

Through  earphones,  operator  evalu¬ 
ates  noise  as  .ilow  speed  screws 
causing  light  cavitation  and  es¬ 
timates  It  as  probable  merchantman. 

"Negaclve"  In  response  to  command's  Inquiry 

If  sonar  can  get  a  turn,  count, 
sonar  passive  track  reports  that 
turn  count  cannot  be  determined. 


14  ^  "Noise  Level  Brg  Olf)'  Sonar  Initial  detection  reports  a 

evaluated  as  Blol6glcal"nol3e  level  heard  over  earphones. 

Its  bearing  (015'^  true)  Is  dis¬ 
played  on  Initial  detection  CRP. 
Operator  evaluates  it  as  biological, 
on  basis  of  audible  signal 
characteristics-. 


lY  l>  ’‘S-'i  Brg  000'  ■■  .'sonar  passive  tracK  reports  contact 

S-4  now  bears  000"  true.  Passive 
track  operator  follows  signal  by 
manually  training  compensator  by 
means  c”  track  ball  rotation. 
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Time  Sonar 


i 

19 

> 

"S-i|  Brg  357%  D/E 

Angle  +15” ,  Moderate 
Cavitation" 

Sonar  passive  track  reports  contact 
S-*<  now  bearing  357" ;  D/E  angle  la 
(up)  +  15'  and  producing  moderate 
cavitation.  Bearings  and  0/E  angle 
are  obtained  from  digital  readout. 
Cavitation  is  deteiinlned  aurally. 

f 

i 

1 

i 

n 

> 

"S-<)  Brg  358”,  Turn  Sonar  passive  track  reports  contact 

Count  62,  Single  Sor-eW}  S-i*  now  bearing  358".  Sonarman  has 
estimate  speed  8  kts)  established  with  earphones  that 
classify  as  Mcrchahtman"turn  count  is  62  rpm  and  contact  is 

a  single  screw  ship.  Speed  is  es¬ 
timated  at  8  knots. 

i: 

Using  classification  equli^ant, 
sonar  supervisor  has  confirmed  turn 
count  and  has  classified  contact 
as  merchantman,. 

f 

1 

25 

> 

"S-i<  Brg  355"" 

Sonar  passive  track  reports  contact 
S-H  now  bears  355"  . 

(■ 

1 

27 

> 

"S-iJ  Brg  35'«'’,  Moderate 
Cavitation" 

Sonar  passive  track  reports  contact 
S-4  now  bearing  35^“  »nd  cavltatlng 
moderately.  Same  displays  are 
monitored. 

1' 

29 

> 

"S.i»  Brg  353'" 

Sonar  passive  track  reports  contact 
S.i|  now  bears  353". 

r 

31 

> 

Brg  35^*',  Closing" 

Sonar  passive  track  reports  contact 
S-l^  bearing  35'<"  and  closing  range; 

r 

33 

> 

"S-'i  Brg  353",  Turn 
Count  6'i,  Cavltatlng" 

Sonar  passive  track  reports  contact 
S~U  bearing  353° ,  csvltatins;  turn 
count  is  now  M  rpm. 

(: 

36 

> 

"S-'l  Brg  352"" 

After  change  of  depth,  sonar  passive 
track  reports  contact  S-4  bearing 
352". 

39 

□ 

Commences  seai'chlng 
baffles 

After  changing  course  to  clear  the 
baffles,  sonar  initial  detection 

[  close} y' observes  sector  that  .was 

previously  restricted  by  ^ffles. 
CRT  Is  monitored  by  initial  detec*- 
tlon  operator  and  displays  at  fre^ 

I  queiicy  monitoring  station  are  also 

1.  observedj 

r 

r 

i 


> 

i 


I 


i  I 

i  ‘ 


I 

i 
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Time 

Sonar 

'to 

> 

"No  additional 
contacts " 

Sonar  Initial  detection  reports  no 
'ddltlonal  contacts. 

't3 

> 

"S-4  Brg  353"" 

After  change  In  depth;  sohax'  pas¬ 
sive  track  again  reports  contact 

S-!)  bearing  353"  • 

II 

ttil 

> 

"No  additional  con¬ 
tacts;  S-li  Brg  353"" 

After  periscope  observation,  sonar 

Initial  detection  reports  no  addi¬ 
tional  contacts  and  passive  track 
reports  contact  S-U  bearing  353" • 

'! 

r  i 

50 

> 

"No  additional  con¬ 
tacts;  S=<i  Brg  350"" 

After  change  in  depth,  Initial  de¬ 
tection  reports  no  additional  con¬ 
tacts  and  basslve  track  reports 
contact  S-'t  bearing  350" . 

’! 

5‘* 

o 

Tracking  party  secures 

Tracking  party  secures.  Passive 
track  operator  secures  tracking 
contact  S-4.  Initial  detection 
operator  continues  watch  and  searches 
for  additional  contacts. 

.£ 

271 

> 

"No  contacts" 

After  course  change  to  clear  the 
ban'les;  sonar  Initial  detection 
reports  no  contacts. 

1 

u. 

273 

> 

"No  contacts" 

After  course  ciiange  In  opposite 
direction,  sonar  initial  detection 
reports  no  contacts. 

1 

288 

o 

Listens  for  Sonobuoys 

After  order  from  Command  to  listen 
for  sonobuoys;  initial  detection 
operator  and  sonar  supervisor  moni^ 
tor  audio  frequencies  which  are 
used  by  active  sonobuoys  and  also 
monitor  sonar  Intercept  displays 
carefully. 

1 

1 

290 

t> 

"No  contacts" 

Sonar  Initial  detection  reports 

oontscMS* 

1 

j 

392 

> 

"No  contacts" 

After  cliangicjj  course  to  clear  the 
baffles,  sonar  Initial  detection 
reports  no  contacts. 

TC 

1 

'!18 

t> 

"Power  failure  In  sonar 
-all  passive  systems 
out  of  commission" 

Sonar  iiii.tAal  uc;t«<.tioa 
pover  failure  in  sonar  and  all  pas¬ 
sive  systems  are  out  of  commission. 

] 

1 

j. 
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Time 

> 

425  £> 

> 


Sonar 

"Sonar  back  oh  the  After  fuii  power  restoredi  sonar 
line  and  searching"  initial  detection  reports  sonar 

back  on  the  line  and  searching. 


"Noise  level  brg  325“}  Sonar  Initial  detection  reports  a 
spoking  on  jjasslve  liolse  on  earphones  bearing  325®  • 
sonar j .machinery  noise.  Bearing  lines  appear  on  passjvn 
possible  submarine.  Initial  detection  display.  He 
light  cavitation,  high  evaluates  noise  as,  machinery  noise, 
bearing  drift"  possible  submarine,  with  light 

cavitation  and  a  high  bearing  .drift i 


"Gontact  bearing  328“ ,  Sonar  initial  detection,  reports  that 
Identified  as  submarine >heW  contact  now  bears  328".  Deslgi 
bearing  drifting  right,  nates  contact  as  Si?  and  reports, 
designate  S-7i  good  it  Is  a  good  bearihgi  Classifies 
bearing"  contact  as  submarine  through  sound 

received  over  earphones. 


^  "Estimate  range  less 
than  two  miles" 


1*26  >  "Contact  S-7  brg  334", 

still  cavltatlng,  mak¬ 
ing  75  turns,  estimate 
speed  1  ktsj  tafget  is 
above  us" 

427  ^  Mans  battle  stations 

O  Sonar  begins  tracking 
torpedoes 

&  "Torpedoes  brg.  000“ 
a-id  007“  • 

428  >  "Contact  brg  354“ , 

still  cavltatlng, 
speed  unchanged  at 
9  ktsi" 

<129  |>  "Lost  contact  on  our 

torpedoes;  last  bear¬ 
ings;  010^  and  oi8“." 


As  a  result  of  noise  level  and  high 
bearing  rate,  sonar  Initial  detection 
estimates  range  at  less  than  two 
miles  i 

Sonar  initial  detection  reports  con¬ 
tact  S-7  bearing  334“,  still,  oavi 
tating  and  abo’-e  owr;  ship.  Turn 
count  Is  75  r^'  and  target  speed  Is 
estimated  at  9  .(nets. 

Sonar  party  mans  battle  stations. 
Sonar  initial  detection  tracks  own 
ship's  torpedoes  fired  at,  contact 
S-7  on  main  scope  and  reports  their 
bearings  as  000“  and  007"  . 


ooiiBx-  Initial  detection  reports  con¬ 
tact  S-7  now  hearing  35*<“  i  etlll- 
cavltating  With  speed  unchanged  at 
9  knots. 

Sonar  Initial  detection  reports  that 
contacv,  on  torpedoes  has  been  lost 
from  scope;  last  bearings  were  010“ 
and  018“ . 
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'131 

'432 

^*33 

i)3't 


Sona  i’ 


"ContacC  S-7  brg  Olfj’,  Sonar  Initial  detection  reports  that 
range  opening,  still  contact  S-7  now  bears  015"}  audio 


cavitatlhg" 


Indicates  that  range  is  opening  and 
still  oavitatlhg. 


"^plosion  bearing  020  '’  Sonar  initial  detection  I’ciJorts 

explosion  at  bearing  020'’ . 


"Hear  breaklhg-up 
noise,  brg  020°" 


Begins  searchlhg 
baffles 


Sonar  Ihltlai  detection  reports 
hesirlhg  brealtihg-up  noises  at  bssr- 
Ihg  020"; 

After  change  In  course,  sonar  Initial 
detection  searches  the. biff les  with 
audio  circuit  In  manual  operation, 
and  monitors  main  scope  With  special 
emphasis  on  bearing  sector  pr.evlously 
astern. 


4136  >  "No  contacts" 

'lOO  O  Seai'ches  all  around 

i)92  ^  "No  contacts" 

bgfi  >  "No  contacts" 

'497  O  Secures  from  battle 

stations 


Sonar  initial  detection  reports  ho 
contsOts  after  searching  baffles. 

Prior  to  change  of  depth,  sonar  is 
ordei'ed-  to  search  all  aroundi 

After  aural  search  all  around  and 
observation  of  initial  detection 
scope  oh  both  broad  band' and  fixed 
band  sweeps,  sonar  reports  ho 
contacts;. 

After  change  in  depth >  sonar  reports 
no  contacto. 

Sonar  secures  from  battle  stations 
and  resumes  normal  watch  with; one 
operator  at  Initial  deteetioh  sta¬ 
tion  and  second  man  mbhitoring.  fi«- 
quehcy  recorders  and  classiflcatloh 
recorder. 


8i6.2.h  ASW  Action 


06  ^  "Possible  noise  level 

brg  035’" 


Son&i"  initial  detection  reports  a 
possible  noise  level  bearing  035°  i 
Detection  was .made  6ri  basis  of  in- 
dldations  on  frequency  analysis 
DEMON  recorder. 
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Time-  Sonar 

02  [>  "Noise  levej  brg  OllO"  j  Sonar  initial  detection  observes  a 

weak  and  Intenhitteht"  weak, and  intermittent  noise  level 

bearing  OtO"  on  fixed  band  CRT  sweep 
set  for  frequency  band  observed  on 
frequency  of  initial  detect  ion* 

63  i>  "Lost  contact  on  noise  Sonar  initial  detection  reports  that 

level}  last  brg,  63*<®"  contact  has  been  lost  bn  noise  level. 

Last  bearing  03i<'' . 

09  t>  "Have  regained  contact;  Sonar  initial  detection  regains  fcu- 
brg  033'’}  intermittent;  tact  on  bearing  033“;  Noise  is  in- 
tracking  manually"  temlttenti  Initial  detebtioh  op¬ 
erator  is  tracking  manually  with 
audio  frequency  set  at  that  of  pre¬ 
vious  initial  detection.  Operator 
vises  bearing  finger  wheel  to.  control 
audio  bearing  and  observes  audio 
cursor  bn  main  scope  to  obtain 
bearlrtgi 

16  "Contact  brg  033“;  Sonar  initial  detection  reports  coh- 

nbise  level  increasing,  -tact  designated  S-9  bearing  033“., 
Machinery  noise;  deslg-  Noise  level  as  indicated  on  signal 
hate  Si9"  level  meter  is  -increasing  ihd  aural 

signal  indicates  it  is  machinery 
noise; 

12  O  Tracking  party  mans  Tracking  party  mans  stations.  Sonar 

stations;  one  sub-system  passive  track  Initiates  tracking 
is  directed  contln-  of  contact  3^9.  Other  .sonar  peri' 
ubusly  at  3-9;  another  sohnel  continue  to  monitor  main 
continues  making  fvill  scope,  earphones,  bearlhg-time  rbi 
sweep.  corder,  frequency  monitoring  re¬ 

corders,  and  classificatibh 
reebrder. 

13  >  "Estimate  range  of  S-9  On  basis  of  audio  signal  strength, 

over  10  miles;  brg  032“"  sonar  passive  track  estimates  range 

of  contact  S-9  at  over  10  miles.  ,  ' 
Bearing  is  now  032“ ;  Bearing  marks 
are  transmitted  to  Pire  Control 
manually. 

17  (>  "S-9  brg  03I';  definite  sonar. passive  tracking  i-eports  hear- 

englne  noise"  ing  definite  engine  noise  on  contact 

S-9  bearing  031’.  Main, CRT  and  ear¬ 
phones  provide  infonnation. 
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SI  t>  "Faint  noise  level  Sonar  initial  detection  observes 

brg  218° "  faint  noise  level  on  bearing-time 

recorder  at  approximate  bearing  2l8° . 

2?  '[>  "S-<)  brg  629“}  slow  Sonar  passive  track  report  contact 

speed  screws"  3=9  at  bearing  029’  arid,  hears  slow 

speed  screws, 

23  "Noise  level  brg  2l8°  Sonar  initial  detection,  after  lis- 

evaluated  as  fish"  tenlng  to  a  selected  audio  fi^equency 

band,  e.valuates  riolse  at  218°  as 
fish. 

25.  t>  "S-9  brg  027°  >  light  Sonar  passive  track  reports  contact 

cavitation"  S=9  bearing  027°  and  producing  light 

cayltation'i  Ho  major  changes  in 
equipment  use  are  involved  in  the 
process.  Occasional  adjustments  of 
CRT  scale  illumination,  focus,  and. 
gain  are  made; 

27  t>  "S-9  brg  025''"  Sonar  passive  track- operator  (oon= 

tlnuing  to  train  clmpehs'atbr)  reports 
contact  S-9  how  beurs  025? • 

28  >  "3-9  brg  026°"  Contact  S=9  how  bears  026°  t 

29  □  Checks  bearing  trahs-  Fire  Control  requests  sonar  check 

niltter  circuit}  dls=  bearing  .transmitter  circuit  due  to 

covers  blown  fuse}  failure  of, Fire  Control  to  receive 

replaces  sonar  bearing i  Sonar  discovers 

-blown  fuse  and  replaces  it* 

30  >  "Failure  in  bearing  Sonar  reports  to  Fire  Control  that 

transmitter  has  been  failure  in  bearing  transmitter  has- 

isolated  and  corrected"  been  isolated  and  corrected;  Re=. 

ceives  command  to  niah  battle  sta  = 

O  Mans  battle  stations  cions ,  Mans  battle  stations.  No- 

basic  .change  required  since  tracking 
party  already,  mahnlng  stations. 

t>  "S=9  brg  0<t6°"  Sonar  passive  track  reports  contact 

S=9  now  bears  0'!6°; 

31  D*  "3=9  brg  025"  >  light.  Sonar  passive  track  reports  contact 

single  screw;  turn  S-9  bearing  025° •  Audio  and  fre= 
count  o5,  estimate  quency  monitoring  recorder  indicates 
speed  9  kts,  light  cavl-  contact  is  single  screw  with  5 
tatlon;  probable  blades,,  turn  count  65,,  light  cavl= 

submarine"  tation;  probable  submarine.  Estimates 

speed  at  O  -knots. 
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Time  Sonar 

35  !>  "Target  brg  025®"  Sonar  passive  track  reports  that 

target  bearing  is  remaining  at  025" 4 

38  i>  "Target  brg  024" ,  still  Sonar  passive  track  reports  change  in 
cavitatlng  slightly"  S-'9  bearing  to  024"  .  Aural  input 

indicates  that  target  is  still,  cavl- 
tatihg  slightly.  Slight  cavitation 
is  reported. 


42  "Target  bearings  are 

steady  on  024® j  ho  dis¬ 
cernible  drift;  noise 
level  increasing;  tar^ 
get  appears  to  be  above 
us" 


46  i>  "S-9  brg  024®" 


Sonar  passive  track  continues  to  re¬ 
port  that  target  S-9'3  bearings  are 
steady  on  024" .  No  discernible 
drift  is  observed.  Operator  reports 
that  signal  level  meter  Indicates  ah 
increase  in.  the  noise  level.  Sonars 
man  states  that  signal  Is  coming  from 
target  apparently  above  ship; 

Sonar  passive  track  again  reports. 
S-9's  bearing  024° .  Target  la  being 
tracked  oh  main  CRT. 
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"Target  is  Increasing  Sonar  passive  track  updates  report 
speed;  brg  025®"  bn  3-9  bearing,  now  025°  <  He  evalu¬ 

ates  signals  received  oh  earphones 
and  lYequehcy  monitoring  recorder 
and  estimates  that  the  target's 
speed  is  lnorea:slng.  Operator 
initiates  ATP  ,6h  target  S-9. 


"Target  brg  023° ;  turn 
count  10^;  heavy  cavi¬ 
tation;  estimate  speed 
13-  kts^' 


Sonar  passive  track  again  reports 
bearing  023" .  Change  is  observed 
on  main  CRT.  Listening  oh  the  best 
frequency  which  he  has  "shaped"  oh 
the  basis  of  information  from, the 
frequency  rnonltorlhg  station  and  the 
classification  station,  he  makes  a 
turn  count  and  reports  "turn  count 
102".  He  also  reports  heavy  cavi¬ 
tation  and  a  speed  estimate-  of 
13  knots. 


"Target  is. drawing  left, Sonar  passive  track  reports,  that 
now  bears  621';  DE  target  bearing  is  drawing  left  and 
angle  +10"'"  new'.bearlng  li  021";  The  depression/ 

elevation  angle  is  (up)  +10° . 


{>  "Target  brg  018' , 
heavy  cavitation; 
speed  unchanged" 


Sonar  passive  track  reports  target 
now  beaiing  018"  a.nd  still  producing 
heavy  cavitatJcii  with  speed 
unchanged. 
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59  O  Obtains  range  to  target  Sonar  active  track  operator  trans- 
wlth  single  ping  -mlts  single  plhg  at  target  S -9  arid 

stores  range  Ihcremerit  for  computer 
to  analyze  for  ratige  and  range  rate, 

[>  "Range  to  target,  5806  Sonar  active  track  obtains  range  and 
yds.,  brg  015°"  bearing  readout. oti,  target  and  re¬ 

ports  range  5800  yards  and  b'earJns 
015°.  Range  and  bearing  are  read 
•■out  digitally  above  main  active  track 
display. 

61  O  Begins  tracking.  After  firing  torpedoes,  both  sonar 

torpedoes  tracking  operators  begin  tracking 

torpedoes  passively. 

■62  t>  "Torpedoes  Running  at  Sonar  tracking  operators  .(both  using 

355°  and  306° }  target  passive  mode)  report  toi^edoes  at 
brg  011° "  355°  and  3^16°  .  Tai-get  being  tracked 

passively.  In  ATP  la  how  bearing  011°. 

63  t>  "Torpedoes  running  at  Sonar  track  operators  report,  tor- 

356°  and  Si)?',  very  ,  pedoes  how  bearing  356"  and  3^)7® 
faint}  target  brg  007°,  and  very  falht  as  indicated, on  wri 
still  cavltatlhg"  phones.  Target  how  bears  007®  and 

still  cavitatlng. 

6fl  (>  "Lost  contact  oh  tor-  Sonar  track  operators  report  lost 
pedoes;  last  brgs  357”  contact  on  torpedoes  at.  bearings 
and  3'l8°;  target  now  357°  and  3'<8°  <  Target  S*9  how 
bears  o6l(° "  bears  004” . 

65  (>  "Target  has  decreased.  Sonar  passive  track  operator  reports 

speed}  no  longer  da vl-  target  stopptd  .cavltatlhg  ahd  has 
tatlhg}  turn  count  kB  decreased  speed.  Target  S-9  but  of 
rpm;  estimate  speed  5  ATPi  .Manual  tracking  Is  Initiated, 
kts;"  Prom  frequehcy  monitoring  displays, 

turn  count  Is  reported  as-  ^8  rpiii  and 
speed  is  estimated  ac  5  knots. 

67  0  "Tareet  Is  Increasing  Sonar  passive  truck,  using  earphones, 

speed  again;  heavy  ”  hears  heavy  cavitation  and  indlca- 
cavitabion;  brg  002""  tiohs  of  target's  Increasing  speed. 

Target  returned  to  ATP  mode.  Uaf 
ports  data  and  new  bearing  of  002° . 

68  0>  "Single  explosion  on  Sonar  reports  single  explosion- heard 

last  target  bearing"  on  last  target  bearing. 
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69 

> 

"BreaklUK  (»i>  noises 
brg  OOIO^' 

Sonar'  reports  hearing  breaking  up 
noises  on  bearing  001°. 

70 

,□ 

Searches  all  atK>uhd 

In  response  to  orders  from  command * 
sonar  initial  detection  and  track 
operators  conduct  full  360°  passive 
search  with  both  prefomied  beam 
(conformal)  and  spherical  systems. 

7S 

t> 

"Complete  sv/eep  all 
around;  no  contacts" 

Sonar  supewisor  reports  no  conle^ots 
after  complete  sweep  all  ai’ouhd. 

7U 

0 

Secures  from  battle- 
stations 

^nar  secures  fror.i  battiestations 
and  resumes  normal  watch  on  Initial 

detection  station.  Observes  frer 
quenoy  .monitoring  recordersi  bearr 
ing-tirhe  recorder  and  classification 
recorder. 
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8 . 6 ;  3  Fire  Control,  Qpera<'lQna  Sequence. Tasb  of'.  Congolo  FoaajbJJ  Ity. 

As  a  preliminar.v  orlfc.:rlon  of  the  ability  of  the  designed  console  to 
fulfill  the  fire  control  mission  the  displays  and  controls  have  been 
tested  against  an  actual  operation  sequence  for  a  THRESHER  class  sub¬ 
marine.  Tiiat  is,  the  following  charts  demonstrate  where  arid  how  as¬ 
pects  of  the  fire  control  mission  would  be  handled  on  the  propo.sed 
console. 

Only  Che  "dh-Statlon  Patrol"  and  "ASW  Action"  phases  have  been  sub¬ 
mitted  to  test  since  the  other  phases  have  minimal  fire  control  entries 


and  these  are  repeated  in  the  phases 

8.6;  3'1  dn-Statl.^n  Patrol 

time.  Fire .  Control, 

1  □  Places  F/C  Console  in  dpei'a- 
tlon;  selects  appropt^late 
sensor  as  input 


7  O  tracking  party  mans  stations? 
selects  method  of  target 
analysis}  checks  latitude 
proofing  aiid  firing  displays? 
detehnlnes  speed  correction, 
if  neces.sary,  aqd  Inserts 
into  ballistic  plugs?  chdck.s 
tube  ballistic  switches? 
contlriuously  monitors  bear¬ 
ing  Inputs  from  sensors? 
also  monitors  own-ship  in¬ 
puts  for  course j  speed, 
depth?  commences  target 
motion  analysis 

15  r>  "Request  course  270'’  to  aid 
fife  control  solution" 


19  O  Enters  i*/E  angle?  attempts 
analysis'  of  target  d«pth 

’’  O  Enters  tarril  speed  .,.!tiaiatfe 
into  iiiotl.oi  a.nalysis 


covered. 


Remarks 

Weapons  console  is  turned  on  at 
monitoring  console.  Contact  is 
assigned  to  analyzer; "A"  via 
analyzed  keyboard.  Passive 
sonar  sensor  is  selected  by  the 
opefaiof  of  analyzer  "A" 

The  console  is  manned  by  two 
op!;.>'atofsi  the  tactical  display 
operator  and  one  target  analyzer 
operator.  The  tactical  display 
operator  monitors  own  shljp's 
course,  speed?  and  depth  in  the 
readouts  oh  the  center  panel. 

The  analyzer  operator  mohltofa 
bearing  Ihfomatlon  in  the  "A!' 
parget  localization  display. 
Computer  commences  analysis 
after  perfomlhg  other  functions 
mentioned  (See  section  concern¬ 
ing  "Special  Considerations".) 

Tactical  display  operator  re¬ 
quests  course  to  maximize  bear¬ 
ing  rate  (B); 

K.dterv'’  3ute-,'  tlcaliy  from 
survc.fiiancc  console. 

Target  analyzer  operator  enters 
absolute  speed  estimate  and- 
aas. . elated' err^r  estimate  via 
key  bod  i’*!.  '.lee  .sfctloh  on 
■.no ! /'.'.••r  keybDaid-i  Entry  appears 
•.  *<*  •■(c.'ii  I’^ial  ion  display. 
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22  >  "Ihltlai  solution  for  S-i(: 

course  265" ,  speed  lets,  range 
16000  yds }  D/fe  angle  con- 
flhns  that  target  is  oh 
surface" 

23  O  Obtains  solution 


25  >  "Course, to  Intercept:  322®, 

speed  10,  lets  j  time  of  in¬ 
tercept  18^12" 

26  O.  Monitors  new  own  ship  Inputs 


29  O  Continues  to  update  solution 


34  >  ’’Estimate  contact  range, 

6000  ydsj  present  solution: 
course  251* ,  speed  9  lets’’ 

43  □  Selects  periscope  as  sensor 

Itiput 


Remarks 

Solution  appears  on  target 
lodallzat  or  display 


Same  as  22 


Reads  solution. 


Tactical  display  operator  con¬ 
tinues  to  monitor  owhfshlp 
course,  speed)  arid  depth. 

Computer  continues  to  update 
solution  oh  the  basis  of  sonar 
bearings. 

Analyzer  operator  reads  solution 
from  target  locallzaitlon 


Analyzer  ’’A"  operator  selects 
periscope  as  sensor  via  key¬ 
board; 


43'  □  Monitors  periscope  bearing 

Input 

47  □  Monitors  bearing  and  range 

Inputs  from  periscope j  com= 
pares  these  with  genei’ated 
values)  makes  adjustments- 
aa  necessary 


Operator  monitors  bearing  on 
localization  display  of  analyzer 
"A" 


Monitors  bearing, and  range  from 
periscope  on  analyzer  ’’A"  and 
compares  these  with  sonar  bear¬ 
ing  bn  analyzer  "A", 


48  O-  Compares  estimated  ahgle-on- 
the-bow  with  generated  AOB 


Compares  target  bourse  derived 
from  ahgle-pn-the-bbw'  with  course 

i  A  M  \jj  vw  (k  \w«« 

basiy  of  sonar  data; 


5't  O  Tracking,  party  cleai's  con¬ 
sole  of  'S-4  inputs  and 
s^c'-ires 


Analyzed  operator  clears  anal¬ 
yze"-  "A"  by  pressing 
clearing  button  bf  the 
analyzer 
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i*l8s  >  Power  failure 
424 


425  O  Orders  tubes  #1  and  #4  made 
ready  In  all  respects 


425'  □  inserts  pre-set  functions 
for  snapshot  situation 

425®  O  Inserts  deflection  angles | 
running  depth,  and  enabling 
run 


426  6  "Tubes  ,^<1  and  #4  ready  In 
all  respects" 

426*  O  Places  tubes  #1  and  #4 

standby  switches  Ih  standby 

426.50  Depresses  flrlnj;  key  for 
tube  #1 

426  .-5*^  "Tube  #1  fired  electrically" 


426i5*Q  Notes  time  of  firing 


427  0  Depresses  fifing  key  for 
tube  #4 

427*  >  "Tube  #4  fifed  electrically" 
427®  O  Notes  time  of  firing 
427®  □'  Mans,  battle  statldhs 


Remarics 

All  functions  mentioned  are. 
handled  by  monitoring  console 
dpofatpr 

Tubes  #1  and  #4  afe  prepared  for 
firing  by  pressing  the  tube  hiw- 
bers  and  the  weapon  preparation 
order  button.  The  tactical  dis¬ 
play  opefatof  proceeds  through 
the  preparation  sequence  until 
both  weapons  are  feady  to  fife. 
When  tubes  #1  and  #4  are  fully 
prepared,  the  "Heady"  Indicator 
will  be  lighted  In  the  two  tube 
preparation  columns. 

Computer  selects  and  Inserts 
furictlohs. 

Computer  selects  deflection 
angles  and  enabling  fun..  Anal- 
yzef  opefatof  Inserts  depth 
estimate. 

Reports  weapons  ready. 


Weapons  afe. In  standby. when 
"ready"  Indicator  Is  lifted. 

Tactical  display  opefatof  presses 
fifing  button 

Reports  fifing  response  as  shown 
oh  status  panel, 

Hiring  time  Indlcatof  on  weapon 
status  panel  shows  fifing  time. 


Computer  fifes  second  weapon i 


Reports  firing,  feahhnne. 

See  Time  426.5 

Thlfd  operator  to  man  analyzefs 
"C"  ana  "D"  Is  st^lohed. 
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te8  O  Inserts  speed  and  range 
estimates 

428*  O  Inserts  data  into  analyzer 

428®  >  "Target  range  estimated  3500 
ydsi  speed  9  lets,  course 
100^" 

429  O  Orders  tubes  #1  and  #4  re¬ 
loaded  with  Mk  37  Mod  0 
tor^jeddes 

429*  O  Oilers  tubes  #2  and  #3  made 
ready  In  all  respects 


430  O  inserts  pre-set  and  syn¬ 

chronous  functions 

431  >  "Tubes  f2  and  #3  ready  In 

all  respects" 

437  O  inserts  pre-set  functions 

for  snapshot  into  both  tubes 

437'  ^  "Tubes  #1  and  #4  have  been 
placed  In  ready  condition" 

497  O  Secure  all  tubes 


8. 6. 3. 2  ASW  Aotlbn 

1  O  Places  F/C  console  In  opera¬ 
tion;  selects  appropriate 
sensor  as  Input 


2  O  Monitor's  own  ship  and 


Remarks 


Inserts  estimates  of. range  and 
speed  Into  analyzer  "A". 

Data'  Inserted  automatically. 

Analyzer  "A"  operator  reads  range, 
bourse,  and  speed  from  localiza¬ 
tion  display. 


Tactical  display  operator  assigns 
Mk  .37  Mod  0  toi^edoes  to  tubes  ^1 
arid  #4  via  the  keyboai^d. 

Tactical  display  operator  pro-, 
ceeds  through  weapon  preparation 
sequeiice.  (See  tlnie  4251 
Reports  i?eady. 

These  furictlons  are  selected  and 
Inserted  by  the  computer. 

Tactical  display  operator  reports 
that  tubes  #2  and  #3  are  ready; 

Computer  selects  and  Inserts 
these  functions. 


Instructs  toiiredo  men  to  ueoun 
all  tubes; 


Weapons  console  is  tunied  on  at 
monitoring  console.  Contact  is 
assigned  to  analyzer  "A".  Sonar 
sensor  selected -at  analyzer  key¬ 
board.  Two  men  are  seated  at 
the  console. 

Target  Inputs  are  monitored  on 
tas-gel  data  display.  Own  ship 
C,  S,  &  D  are  monitored  at  read¬ 
outs  to  the  right  of  the  tactical 
display, 
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Remarks 


12  O  Tracking  party  mans  stations; 

selects  method,  of  target 
analysis;  checks  latitude 
proofing  and  firing  displays; 
detemlnes  speed  correction, 
If  necessary,  and  Inserts 
Into  ballistic  plug. 

12'  P  Checks  tube-V'slllstlc 

switches;  continuously  mohir 
tors  bearing  Inputs  from 
sensors  and  own  ship  Inputs, 
for  course,  speed,  and  depth 

13  □  Commences  analysis  of  target 

bearing  drift 

19  >  "S-9  BRO  drift  \~l/i  DQ  -left" 

21  O  Continuous  analysis  of 
bearing  drift 

21'  □  Selects  appropriate  sensor 
for  new  motion  analyala 

23  O  Cleai's  analyzer  of  Inputs 


2'(  >  *' Request  course  change  to 

obtain  range  estimate" 


25  □  Obtains  preliminary  estimate 

of  target  range;  inserts 
range  Into  analyzer;  assumes 
target  speed  of  10  kts  and 
Inserts  speed  Into  analyzer; 
obtains  Initial  solution 


Analyzer  operator  monitors  B,* 
3.  Other  functions  are  handled 
by  the  computer  (See  "Special 
Considerations"  sectloh) 


Continues  to  monitor  target  .bear- 
ihg  Information  and.  own  ship 
Inputs  (See  Time  3) 


Monitoring  of  B  &  B  continues. 


Reports  B  In  degrees  per  minute, 
Continues  B  Input  analysis. 


New  contact  assigned  to  analyzer 
"B"  via  keyboard. 

Analyzer  "B"  is  cleared,  of  oons 
tact  via  keyboard, 

Course  change  is  requested  to 
maximize  B  In  oi^er  to  obtain 
range. 

Preliminary  range  estltna^  Is 
calculated  by  the  computer  oh 
the  basis  of  CB,. obtained  from 
own  ship  zlg.  This  speed  es- 
tlmater  Is  automatically 
Inserted; 


26  ^  "initial  solution;  course 

2^10  ,  speed  10  kts,  range 
16,000  yds" 

2S  P  Notes  failure  of  analyze;' 

to  receive  sonar  bearing; 
Inserts  bearing.manua^y 


The  Initial  solution  Is  displayed 
oh  the  localization  display  of 
-analyzer  "A". 

Beax'lng  trahsraitter  failure 
would  be  noted  by  monitoring 
console  operator. 
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Time  Fire  Control  Remarks 


28*  P  "Sonar,  check  your  'bearing 
transmitter'  circuit)  last 
bearing  was  not  received  by 
analyzer" 

30  O  Mans  battle  stations 


30*  O  Evaluates  eccentric  BRQ, 

drops  from  computer  analyzer 

31  O  Inserts  new  estimates  of  tar¬ 
get  speeds  obtains  revised 
solution  (inserts  estimate 
of  target  length) 


32  ^  "Present, Target  solution; 

bourse,  235"  »  speed  9  kts, 
range  15,500  yds" 

34  O  Sets  mode-of-operatlon  selec¬ 
tor  switch  to  pre-set  mode) 
sets  In  firing  order 


37  O  Orders  tubes  made  ready  with 
■exception  of  o)3enlng  the 
outer  doors 


33  O  Continues  to  update  solution 


39  >  "Present  target  solution; 

course. 229",  speed  9  kts, 
range  10,500  yds" 

•il  O  Inserts  ordered  non-rsyn- 
chronous  functions 


42  t>  "Present  solution;  course 
•i33’ ,  speed  9  k'  s,  range 
8200  yds)  evaluate  solution 
as  good" 


30!> 


Monitoring  console  operator 
would  notify  sonar  of  this  mal¬ 
function. 


An  additional  operator  now  takas 
over  operation  of  analyzers  "C" 
and  "p".i 

Eccentric  bearing  Is  rejected 
by  the  computer. 

Analyzer  operator  Inserts  speed 
estimate  and  error  estimate  via 
analyzer.  (See  section  on  analy¬ 
zer  keyboaiSl)  Revised  solution 
appears  In  localization  display. 
Target  length  handled  by  sonars 

Reports  solution  from  iocallza- 
tlbn  display 


Analyzer  operator  assigns  target 
"A"  to  tubes  #1  and  #4,.  Center 
operator  assigns  Mk  37-6  tor¬ 
pedoes  to  tubes  #1  and  #4.  Com¬ 
puter  sets  firing  order. 

Center  operator  orders  "weapon 
ready"  and  "flood  tube"  for  tubes 
#1  and  #4  by  pressing  tube  num¬ 
bers  and  weapon  preparation 
button; 

Continues  monitoring  solution 
and  kill  probability; 

Reads  current  solution  from  the 
localization  display. 

Non-synbhrohous  functions  are 
selected  and  Inserted  by  the 
computer. 

Reads  solution  from  display. 
Evaluation  would  be  based  on 
ki.^1  probability  display. 
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45  O  Inserts  ordered  enabling 
runs  and  running  depths 


48  O  Orders  outer  doors  open  on 
#1  and  #4 


50  >  "Tubes  #1  and  #4  ready  in  all 

reepeots" 


52  O  Ineerta  new  target  speed) 
obtains  new  solut^n 


53  O  Estimates  target  depth 


54  >  "Target  oourae  steady  on 

227’’  i  estimate  target  depth 
at  250  ft,  target  range  at 
6100  yds" 

57  O  Inserts  change  In  torpedo 

speed  settings 

58  O  Orders  tox^edomeh  to  stand 

by  tubes  #1  and  #4. 

59  inserts  rengej  obtains 
final  check  on  solution 


59’  "Correct  solution" 

60  O  Depresses  firing  key; 
starts  timer 

etf  >  "Fire  .-ifl.i-  Tube  #1  fired 
eleotrAv^''  lly" 

66^  O  Depresses  firing  key;  starts 
timer 

6cf  >  "Flir  #4  --  Tube  #4  fired 
elfcctrlcaliy 


Remarks 

Enabling  runs  and  running  depths 
are  selected  and  Inserted  by  the 
computer. 

Opens  outer  doors  by  proceeding 
to  the  next  step  In  the  prepara¬ 
tion  sequence.  Arms  weapons. 

Reports  that  weapons  are  ready. 
This  is  Indicated  by  a  light 
appearing  behind  the  "?eaay!! 
readout  in  the  tube  preiMtxat'idh 
eolunn. 

Speed  estimate  inserted  with 
error  estimate  via  analyser  key. 
board.  Mew  solution  appears. 

Inserts  depth  estimate  via 
analyser  keyboard. 

Solution  from.iooallsatloh 
display. 


Torpedo  speed  is  set  by  the 
computer. 


Selects  active  range  sensor. 
Range  autoirtatlcslly  goes  to 
computer. 


Pressing  firing  button  starts 
mean  Intercept  timer  running. 

Reports  tube  #i  fired 


Tube  #4  Is  fired  by  the  computer 


Rep.-rts  Tube  #4  fired. 
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Time. 

Fire_ Control 

Remarks' 

63  t> 

"Contact  steady  on  course 

227“ }  estimate  depth  270  ft^ 
range  5760  yds" 

Reads  solution  from  display 

65  Q 

Inserts  new  data 

inserts  speed  estimate.- 

66.  t> 

"Weapons  should  be  within 
acquisition  range" 

This  is.  dtibemilned  .from  mean  time 
to  Intercept  readout  oh  alpha¬ 
numeric  display i 

69  > 

"Time  analysis  indicates 
first  torpedo  hit  tarm.et" 

See  Time  66. 

7^1  0 

Orders  all  tubes  secured; 
secures  from  battle  stations 

Orders  torpedomen  to  secure  all 
tubes.. 

8.6.1)  Command,  Ope  rat  ions  Sequence  Teat,  of  the  Console  , feasibility 
The  command  station  has  been  designed  to  facilitate  the  command  func¬ 
tions  of  infomation  procejslng  and  decision  making.  As  auch,  the 
evaluation  of  the  station  consists  entirely  of  stipulating  how  Its-  in¬ 
put  (information)  )s  presented  to  the  Commanding.  Officer;  the  atation, 
output  (commands)  consists  of  verbal  communication  from  command  to  the 
appropriate  station.  In  the  analysis,  then,  the  eropha3l.s  is  upon  in¬ 
dicating  the  display  or  means  by  which  the  Commanding  Officer  or  the 
6.0. D.  is  presented  with  Infonnation  transmitted;  in  the  case  of  com¬ 
mands  Issued,  the  addressee  only  is  indicated,  since  all  commands,  are 
verbal. 

One  portion  of  the  operational  sequence  ("Getting  Underway")  has  been 
omitted,  since  the  activities  during  this  period  are  conducted  While 
the  Commanding  Officfn-  is  on  the  bridge  and  not  at  the  command  atation. 
It  is  likely  that  this  station  viill  be  unmanned  at  this  time. 
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8;6,l),i  Transit 
iiEOEND 

INFORMATION  TRANSMITTED  > 

information  addressee  O 

•SELF-INITIATED  ACTION  □ 


Tima 

Command 

informatics  Display, .Control  Commands 

6 

Sounds,  diving  alarm 

All  stations- 

O 

"Straight  board" 

(Ship  Control) 

Verbal  report 

0 

".Planes  v:o»’’'ir3  sat.’s-  Verbal  report 

I'actoHly"  (Ship  Control) 

> 

"110  ft" 

Ship  control 

0 

"All  vents  shut" 

(Ship  -Control)' 

Verbal  report 

0 

"Ali  compartments  on 
the  line"  (Operations) 

Verbal  report 

S 

,□ 

Monitors  pertinent  as¬ 
pects  of  ship  control 

Verbal  report 

6 

"No  contacts"  (Sonar) 

Verbal  report 

8 

t> 

"All  ahead  1/3" 

Ship  control 

U 

[> 

"Get  a  satisfactory 
trim" 

Ship  control 

0 

"Pennlsslbn  to  cycle  Verbal  request 

the  vents"  (Ship  Contirol) 

5 

c> 

"Permission  granted" 

Ship  control 

IJ 

0 

"Steady  on  110  ft; 
trim  satisfactory"' 

(Ship  Control) 

Verbal  report  (SQUIRE,  can  be  moni¬ 
tored  from  command  station) 

13 

[> 

"Secure  the  phones" 

Operations 

I'l 

{> 

"All  ahead  full;  200  ft- 
10°  down  angle" 

Ship  cont  ’-ol 
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Time  Command  information.  Display ,JC6htrol  goihmahds 

l6  O  “Steady  oh  260- ft  iO"  .  Y«rbal  report,  SQUIRE 
down  angle  {Shl{>  Control) 


26 

0 

"Biological  noise  beam¬ 
ing  l65'”'(  Sonar) 

Verbal  report,  SQUIRE 

31 

6 

"Oyro  failure" 

(Ship  Control) 

Verbal  -.report 

'3l 

i> 

"Shift  repeater  Input 
from  master  to  auxiliary 

Ship  oohtroi 

II 

31 

> 

"Shift  to  mahuai  con¬ 
trol}  steer  magnetic 
headlhg" 

Ship  conti’ol 

3« 

0 

"Auxiliary  gyro  how  on 
the  line"  (Operations) 

Verbal  report 

35 

> 

"Shift  to  automatic 
control  when  system  has 
stabilized" 

Ship  oohtroi 

36 

d 

"Repeater  back  oh  line; 
have  shifted  to  auto! 
matlc  control"  (Ship 
Control) 

Verbal  report 

='  ='»= 

a  a 

asaus;uarss:a»a: 

u;A»KUU‘«-t3nonE3 

I660 

t> 

"All  ahead  1/3" 

Ship  control 

1601 

t> 

"Make  preparations  to 
dump. garbage  through 
the  QDU" 

Operatlohs 

1602 

t> 

"ioo  ft" 

Ship  control 

l6o't 

i> 

"Right  10°  rudder; 
steady  up  oh  270°" 

Ship  control 

1605 

t> 

"Search  the  baffle" 

Sonar 

d 

"Steady  on  270°" 

(Ship  Control) 

Verbal  report,  SQUIRE 

1668 

d 

"No  contacts "  (Sonar) 

Tactical  display 

1602 

t> 

"Right  10°  rudder; 

Ship  control 

steady  up  oh  OQO®" 
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Time 

Command 

1616 

> 

"Prepare  to  ventilate" 

1620 

0 

I'Stahdby  for  radio  and; 
ECM  reception" 

1621 

0 

"76  ft" 

1622 

0 

"Steady  on  7.0  ft" 

(Ship  Control) 

> 

"Look  around" 

1623’ 

□ 

Raises,  perliicope, 
makes  360"  search 

1623 

t> 

"6ii  ft" 

1626 

ri 

Continues  visual 
search  with  periscope 

1627 

"62  ft" 

1628 

> 

"Raise  whip  and  ECM 
masts;  search  all  bands 

1630 

0 

"Rigged  to  ventilate; 
ti4m  satisfactory" 

(Ship  Control) 

1631 

t> 

"Cnimnence  ventilating" 

1635 

i> 

"Load  the  GDU" 

l6'i6 

D* 

"Pamp  bilges;  blow 
down  the  boilers" 

l6i)5 

0 

"No  ECM  contacts" 
(Operations) 

1651 

6 

"Possible  noise  level 
brg  326""  (Sonar) 

6 

"Engineering  reports 
secured  from  blowing 
boilers"  (Operations) 

165't 

6 

"Contact  brg  320® 
evaluated  as  fis;  •* 

( Sonar) 


info  mat  Jon  .Display,  .Control  Ooiiimanda 

SHi^  control 

Operations 

Ship  control 
Verbal  report^  .SQUIRE 

Operations 

Operations;  C.6.  may  monitor  TV 
periscope 

Ship  control 
Operations 

Ship  control 
Operations 

Verbal,  report 

Ship  control 
Operations 
Ship  control 

Verbal  report 

Verbal  report 

Verbal  report 

Verbal  report 
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Time 

Command 

Information  Display,  Control  .Commands 

l65i» 

(Cent) 

6  '-'Fleet  broadcast  se¬ 
cured;  ahterina  lowered" 
(Operations) 

Verbal-  report 

1666 

0  "Secured  the  GDU" 

Verbal  report 

1668 

d  "Engineering  reports 
all  bilges  dry;  secured 
jpumplng" 

Verbal  report 

1670 

d  "Ali  scheduled  opera¬ 
tions  completed" 
(Operations) 

Verbal  report 

1685 

^  "Secure  ventilating" 

Ship  control 

'I694 

0  "Seeui-ed  from  ventila¬ 
ting"  (Ship  Control) 

Verbal  report 

1695 

□  I.owers  periscope 

Operations 

1696 

>  "200  ft" 

Ship  control 

J  On  Station  Patrol 

0 

0  "Paint  noise  level, 
brg  010®  "(Sonar) 

Contact  data  appears  as  a  bearing 
line  on  Tactical  Display;  data  on 
signal  strength  communicated  ver* 
bally  by  sonar.  Bearing  Rate  and 
other  target  data  appears  on  the 
Tactical  Display  as  It.  becomes  )dioWh 

2 

0  *'No«ne  level  org  OOT 
weak  and  intermittent" 
(Sonar) 

II  II 

0  "Noise  level  brg  66.8°" 
(Sonar) 

II  II 

5 

C>  "Left  15°  rudder; 
steady  on  000°" 

Ship  control 

6 

0  "Noise  level  brg  664° ; 
evaluate  as  mechanical; 
designate  as  contact 

S-4"  (Sonar) 

Noise  level  data  communicated  ver¬ 
bally;  all  else  appears  automatic¬ 
ally  on  tactical  display 

7 

f>  "Station  the  tracking 
piirty" 

Fire  dontrol/survelllanoe 
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Time  Command 

9  (>  "Make  turns  for  3  kts" 

10  O  "Contact  brg  001“,  3DB 
louder,  ilow  speed 
screw,  light  cavitation 
probable  merchantman" 
(Sonar) 

O  "XXX  freighter  has  been 
reported  In  this  area" 
(Operations) 

12  ^  "Sonar,  can  you  get  a 

turn  count?" 


Information  .Display,  Control  Coiiuiianua 
Ship  control 

Bearing  data  automatically  displayed 
on  tactical  display 
Classification  automatically  dis¬ 
played  on  the  alpha-numeric  display. 
Signal  level  communicated  by  voice 

Verbal  report 


Verbal  request  to  sonar 


O  "Negative"  (Sonar)  Verbal  report 

lit  O  "Noise  level  brg  095“  Verbal  report  (bearing  lines  on 

evaluated  as  biological"  Tactical  Display  appear  only  when 
(Sonar)  target  is  given  a  designation  by 

sonar) 


15  O  "Request  course  270“  to  Verbal  communication 
aid  PCS"  (Pire  Control) 


16 

t> 

"Left  15“  rudder; 
steady  on  270'" 

17 

6 

"S-t  brg  000“" 
(Sonar) 

ID 

b 

brg  y-r ,  D/E 
angle  15“ ,  moderate 
cavitation"  (Sonar) 

21 

o 

"S-4  brg  358“ ,  turn 

count  62,  single  screw; 
estimate  speed  8  kts, 
classify  as  merchant¬ 
man  ( Sonar) 

O  <’ 


Ship  control,  after  evaluation. of 
relevant  tactical  parameters  affeci 
tliig  course  change 

Automatic  presentation  on  tactical 
display 

Bearing  data  appears  automatically 
on  tactical  display,  other  data 
communicated  verbally 

Bearing  and  speed  appear  automatic¬ 
ally  on  tactical  display  other  data 
communicated  verbally  save  screw 
count,  since  target  speed  estimate 
'  oears  on  tactical  display;  olasslr 
•at ion  appears  on  the  alpha-numeric 
play. 

deemed  necessary  in  current 
*  '  me;  data  appear  on  tactical  dls- 
p  .  ,  PCS  reflected  in  kill  proba- 
y  values;  Pire  Control  should 
.  V.'-ever,  on  the  "goodness" 
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Command 

information .  Display} . Control.  Commands 

;rol  Commands 

23 

t> 

"Give  me. a  course  to 
intercept  target, 
using  io  kts" 

Operations 

25 

6 

Fire  Control  reports 
intercept  coursd 

Operations  will  report  in  the  cur¬ 
rent  schemes. 

1  the  cur- 

25 

0 

"S-**  brg  355'"'  (6onar) 

Appears  automatically  on  tactical 
display 

tactical 

26 

> 

"Right  10'’,,  rudder  j 
steady  on  322" " 

Ship  control  based,  on  intercept 
course  solution 

:ercept 

"Ali  ahead  2/3}  make 
turns  for  10  kts" 

II  li 

27 

0 

"S-h  brg  35**°, 
moderate  cavitation" 
(Sonar) 

Bearing  data  appears  oh  tactical 
display  automatically,  cavitation 
reported  verbally,  if  at  all 

actical 

vJtatlon 

dll 

28 

> 

"Advise  me  when  contact 
range  is  6000  yds" 

Readily  seen  on  tactical  display 

display 

29 

6 

"Sih  brg  353°"  (Sonar) 

Tactical  display 

31 

0 

"S=*l  brg  35't°  closing" 
(Sonar.) 

Tactical  display 

33 

0 

"S-i*  brg  353° turn 
count  65,  cavitating" 
(Sonar) 

Tactical  display  shows  bearing, 
turn  count  is  unnecessary  since 
speed  estimate  Is  displayed; 

■arlhgi 
•  since 
ed 

S'* 

6 

Eire  Control  reports 
solution 

Not  necessary  in  current  scheme 

scheme 

35 

£> 

"Ail  ahead  1/3" 

Ship  control 

36 

> 

"106  ft" 

Ship  control 

36 

d 

"S-5  brg  352°"  (Sonar) 

Tactical  display 

37 

> 

"Right  26®  rudder}, 
steady  on  000° " 

Ship  control 

"Sonar,  swinging  ship) 
search  the  baffles" 

Ship  control 

39 

> 

"Left  full  rudder; 
steady  on  292''" 

Ship  control 
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Time 

UO 

lil 

'tS 


Ith 

i)6 

H7 


K8 


H'-) 


50 


Command  Infonnatlon.  Display j  Control  Commands 

O  ’’No  addition?!  contacts”  Tactical  display 
(Sonar) 


t>  "70  ft"  Ship  control 

l>  "Look  around"  Operations 


6  "S-^  brg  353'’"  (Sonar)  Tactical  display 

□  Raises  periscope;  makes  Operations;  may  monitor  TV  display 
360*’  search;  trains  on 
target,  presses  bear- 
Ihgimark  switch,  lowers 
periscope 

"No  other  contacts;  "  " 

tar.-v“5  Is  a  merchant 
freighter;  angle  on  the 
bow  port  65" " 

b  "No  additions'  contacts;  Tactical  display 
S-i(  brg  353*”'  (Sonar) 


t>  "60  ft"  Ship  control 

t>  "Observation"  Operations;  may  monitor  TV  perl- 

cope. 


□  Raises  perlscop'  trains  " 

oh  target;  depresses 
bearing-mark  switch;  adi 
Justs  stadlmeter;  de¬ 
pressed  range-mark  switch; 
notes  nationality  of 
vessel;  lowers  periscope 

>  "Target  is  a  XXX  " 

freighter;  angle-on  bow 
port  70’" 

^  "200  ft"  Ship  control 

O  "No  additional  con-  Tactical  display 

tacts;  S-d  brg  350''" 

(.Sonar) 
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Time 

Command 

Ihfbiroatlbn.  Display;  Control. Cormhahds. 

> 

"Secure  the  approach}' 
navigator}  give  me  a 
course  to  original  tracVc' 

Operations 

1 

53 

0 

"Recommend  072*" 

{ Operations ) 

Verbal  report 

> 

"Right  26*  rudder; 
steady  bn  072*" 

Ship  control 

> 

"Secure  the  tracking 
pa rty" 

Fire  Contrbi/surveillahce 

ts  S3  ! 

rs  c 

26.7 

0 

"Next  schedule  fleet 
broadcast:  15'  recommend 
navigational  fix" 
(Operations) 

Verbal  imports 

6 

"Engineering  requests 
blow  down  boilers" 
(Operations) 

Verbal  reports 

0 

"Standby  the,  radio, 
i,qran  and  ECM;  ECM, 
search  all  bands" 

Operations 

267 

t> 

"Make  ready  to  blow 
down  boilers;  dump  gar¬ 
bage,.  and  pump  bilges" 

Operations 

260 

t> 

"Make  your  depth  100  ft" 

Ship  control 

271 

> 

"Sonar,  swinging  ship; 
search  the  baffles" 

Sonar 

"Left  i?’  rudder; 
steady  on  0^)0®  " 

Ship  control 

6 

"K'o  contacts"  (Sonar) 

Verbal  report 

273 

t> 

"Right  20®  rudder; 
steady  on  110° " 

Ship  control 

6 

"No  contacts  ' 

V»  t  />op'  't 

275 

"1  eft  :'ud«er; 

steady  on  o6>';  ' 

Z*  •  s» 
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Time 

.Command 

277 

"70  ft" 

279 

t> 

"Look  arouhd" 

279 

□ 

Raises  periscope, 
makes  360®  search 

286 

> 

"6h  ft" 

282 

t> 

"Raise  the  masts" 

m 

6 

"ECM  contact  brg  050® 

A/C  radar,  faint  signal" 
(Operations) 

> 

"Dov/n  all  masts} 

700  fti  25®  down  bubble) 
all  ahead  full" 

287 

c> 

"Steady  on  70  ft" 

(Ship  Control) 

288 

> 

"All  ahead  1/3)  sonar, 
listen  for  sonobuoys" 

290 

0 

"No  contacts"  (Sonar) 

38i| 

0 

"Next  fleet  broadcast, 
scheduled  for  O8OO" 
(Operations) 

■t> 

"Standby  the  ECM) 

Lorah,  arid  radio)  ECM) 
search  all,  bands” 

> 

"Make  all  preparations 
to  pump  bilges,  dump 
garbage,  and  blew  down 
boilers" 

385 

"100  ft" 

39l 

t> 

"Soriar,  swinging  ship) 
search  the  baffles" 

392 

i> 

"Left  full  rudder) 
steady  on  6S5®" 

396 

6 

“No  contacts"  (Sonar) 

Iiiformation,. Display Control  Comrarida 

Ship  control 

Operations 

Operations 

Ship  control 
Operations 
Verbal  report 

Ship  control,  Operations 

Verbal  report;  SQUIRE  visible  to 

C.O. 

Ship  control,  Sonar 

Verbal  report 
Verbal  report 

Operations 

Operations 

Shit  control 
Sonar 

Ship  control 
Tactical  display 
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time 

Conunand 

inx'orifiation  Display,, Control  Commands 

397 

C> 

"Make  your  depth  70  ft" 

Ship  control, 

399 

,□ 

"Look  around" 

Fire  control 

399 

□ 

Ralaea  periscope  and 
makes  full  search 

Operations 

t> 

"63  tt" 

Ship  pontroi 

'102 

0 

"Raise  the  masts" 

Operations 

i(09 

0 

"No  ECM  contacts" 
(Operations) 

Verbal  report 

Jtbs 

t> 

"Commence  pumping 
bilges )  commence  eject¬ 
ing  garbage" 

Operations 

J|07 

t> 

"pemission  granted  to 
blow  down  boilers" 

Operations 

i(08 

6 

"2B0  message  indicators, 
no  traffie  this  ship" 
(Operations) 

Verbal  report 

iti2 

6 

"k)ller  blowing  comi 
plete"  (Operations) 

Verbal  report 

'117 

0 

"dDU  secured}  bilges 
dry"  (Operations) 

Verbal  report 

418 

0 

"Lost  automatic  control" 
(Ship  Control) 

Verbal  reports 

6 

"Power  failure;  ail 
passive  systems  out" 
(Sonar) 

Verbal  reports 

0 

"Power  loss  to  auto¬ 
matic  course  computer" 
(Fire  Coritroi) 

Verbal  reports 

'd8 

0 

"Shift  to  emergency 
steering  and  planes ; 
make  your  depth  300  ft" 

Ship  contrcl 

!> 

"Lower  all  masts" 

Operations 

□ 

•‘Lower  periscope" 

Operations 
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Time  Command  Information.  Piaplay,  Control  CommandB 

418  O  "Engineering  reports  Verbal  report 

(Cont)  loss  of  power  to  opera¬ 
tions  distribution  feeder 

panels"  {Fire  .Control) 

419  ^  "Have  the  engineer  Fire  Control 

officer  report  as  soon 
as  the  failure  has  been 
Isolated" 

422  O  "Engineering  I'eports  Verba]  report 

full  power  restored" 

( Fire  Control) 


423  t>  "Shift  to  primary  mode" 

424  O  "Sonar  on  line  arid 

searching" 

0  "Fire  Control  on  the 
line" 

425  6  "Noise  level  brg  325" > 

spoking  on  passive 
sonar  machinery  noise, 
possible  submarine j 
light  cavitation^  high 
bearing  drift"  (Sonar) 

!>  "Left  full  rudder}, 

steady  on  325°’' 

0  "Snapshot,  snapshot, 

make  ready  the  ready 
tubes  in  all  respects” 

0  "Contact  bearing  328", 

submarine,  bearing  drift 
10"  right  per  minute, 
designate  S-Y" 

O  "Estimate  range  less 

than  two  miles" 

0  "Tube  deflection  angles 

of  5"  arid  15" ;  set  run-i 
riirig  depth  at  180  ft  and 
400  ft;  set  enabling 
runs  at  1000  yds" 


Ship  control 
Verbal  report 

Verbal  report 

Bearingj  a)id  bearing  drift 
appears  on  tactical  display; 
other  data  commuriicated  verbally 

Ship  conti'ol 
Fire  Control 

Tactical  display 

tactical  display 

Weapon  parameters  are  deterriiined 
by  the  'eotnpator 
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Time  Command 

i)26  -O  "Right:  iO''  rudderj 
steady  oh  343°'* 

Q  "Contact  S-7  brg  33^“., 
cavitating  making-  75 
turns,  speed  est.  kts^ 
target  above  us" 

<  Sonar) 

r\  "Tubes  #l  and  iU.  ready 
in  all  respects"  (Fire 
Control) 

426:5  0  "Shoot" 


O  "Tube  ffl  fired  elec-  ^ 
trloally"  (Fire  control) 

427  -C>  "Shoot" 

O  "Tube  ^4  fired  electric¬ 
ally"  (Fire  Control) 

t>  "Man  battle  stations" 

0  "Sonar,  follow  the 
torpedoes" 

6  "Torpedoes  big  022"' 
and  027“"  (Sonar) 

428  t>  "Qet  a  fire  control 

solution" 

O  "Contact  brg  354®  cavl= 
tatlhg,  speed  unchanged 
at  ')  kts"  (Sonar) 

Q  "Target  range  est.  5500. 
yds,  1  kts,  course  100'’ 
(Fire  Control) 


information  .  Display-,  Control  -Commands 
Shi;,  control 

Tactical  Display  (Turn  count, uh- 
hecei,3ary,j  reflected  in  speed 
estimate) 

Verbal  report 

The  current  .proposal  is  for  the  C.O., 
to  direct  the  opening  of  dbors  arid 
warhead  activation.  After  this,, 
time  to  shoot  is  determined  by  the 
computer 

Verbal  rejjbrt 

Cbtnputer  deteimlned 
Verbal  report 

Ail  stations 
Sona  r 

Verbal  report 
Fire  Control 
Tactical  display. 

Tactical  display 
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Time  Command 

te9  t>  "Reload  //I  and  #^1  with 
Mk  37  Mod  6  torpedoes" 

O  "Lost  contact  on  tor¬ 
pedoes}  last  bearings 
022"  and  028“" 

D>  "Hake  ready  tubes  #2 
and  //3  In  all  respects" 

'136  £>  "We  will  shopb  a  depth 

spread;  set  ^  for  200 
fc,  #3  for  650  ft,  enab 
ling  run  2000  yds,  high 
speed,  no  limit,  active 
homing,  snake  search" 

il31  6  "Si?  hrg  015“  »  range 

opening^  still  eavlta- 
tlng"  (Sonar) 

O  "Tubes  //2  and  //3  ready 
In  all  respects" 

^Rlre  Control) 

432  O  "Ei’.ploalon  bearing  020''' 

433  0  "H'.-ar  breaklng-up  noise 

brg  020"" 

434  C>  "lonar,  coming  right) 

search  the  baffles" 

[>  "Right  15“  rudder; 
steady  on  100' '* 

436  O  "No  contacts"  (Sonar) 

437  (>  "Makes  tubes  ffl  and  #4 

ready  for  snapshot" 

O  "Tubes  ^1  and  #4  ready" 
(Fire  Control) 

490  0  "Sonar,  search  all 

around" 

492  O  "No  contacts"  (Sonar) 

493  [>  "Make  your  depth  ",)0  ft 


Information  Display,  ^Control, Commands 
Fire  Control 

Verbal  report 

Fire  Control 
Fire  control 

Tactical  display 

Verbal  report 

'  Verbal  report 
V’-i'bal  report 

Sonar 

Ship  control 

Tactical  display 
Fire  Control 

Verbal  report 

Sonar 

Tad  Ice'  display 
'  Sh:n  control 
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Time 

Command 

Information  Display 

Control  Commands 

496 

0 

"No  contacts"  (Sonar) 

Tactical  display 

497 

"Secure  all  tubes" 

Fire  control 

498 

i> 

"Secure  from  battle 
stations" 

All  stations 

8.6.4 

.3 

ASW  Action 

6 

0 

"Possible  noise  level 
brg  035*”'  (Sonar) 

Verbal  report 

1 

l> 

"Make  turns  for  3  kts" 

Ship  control 

2 

0 

"Noise  level  brg  646° 
weak  and  liitemlttent" 
(Sonar) 

Verbal  report 

3 

> 

"Left  15°  rudder; 
steady  on  050°" 

Ship  control 

6 

"Lost  contact  on  noise 
level,  last  brg  034“" 
(Sonar) 

Verbal  report 

4 

0 

"Make  your  depth  400  ft; 
rig  ship  for  quJe<’  con¬ 
dition  II" 

Ship  control 

9 

0 

"Regained  contact  brg 
633° ,  Intennittent  track 
Ing  manually"  (Sonar) 

Verbal  report 

10 

> 

"350  ft" 

Ship  control 

0 

"Contact  brg  033° «  noise 
level  Increasing,  ma¬ 
chinery  noise,  designate 
S-9"  (Sonar) 

Tactical  display  and 

vei'bcil  report 

f> 

"Come  left  to  030°,  sta- 
tlon  the  tracking  party" 

Ship  control,  sonar, 

fire  control 

0 

"Ship  rigged  for  quiet 
condition  11" 
(Operations) 

Verbal  report 

13 

r> 

"Request  x-ange  estimate" 

Sonar,  Fire  Control 
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Time 

Command 

Infoniiatl,on_/)lsplay.,  Conti-ol.  Commends 

13 

6 

"Estimate  range  over 

Tactical  display 

(Cbnt) 

10  miles,  brg  032*’" 
(Sonar) 

t> 

"Left  15 'rudder,  steady 
on  005''" 

Ship  control 

17 

b 

",S-9  brg  031°,  definite 
engine  noise"  (Sonar) 

Tactical  display,  verbal  report 

18 

0 

"Left  20"  rudder, 
steady  on  310  " 

Ship  control 

19 

0 

"S-9  brg  drift  1-1/2° 
loft"  (Sonar) 

Tactical  display 

21 

(> 

"Right  15°  rudder, 
steady  on  000"" 

Ship  control 

0 

"Fa-fnt  noise  level  brg 
218""  (Sonar) 

Verbal  report 

22 

o 

"S-9  brg  029’ .  alow 
speed  screws"  (Sonarl 

Tactical  display  and  verbal  report 

73 

b 

"Noise  level  brg  218’ 
evaluated  as  fish" 
(Sonar) 

Verbal  report 

2J| 

b 

"Request  course  change 
to  obtain  range  estimate 
(Eire  Control) 

Verbal  request 

II 

t> 

"Left  full  rudder, 
steady  on  315""' 

Ship  control,  based  on  evaluation  of 
tactical  situation  and  PCS  accuracy 
needs 

25 

b 

"S-9  brg  027  ,  light 
cavitation"  (Sonar) 

Tactical  display 

26 

0 

Eire  Control  reports 
initial  solution 

Tactical  display  for  data,  solution 
reflected  In  kill  probability  on  alpha 
numeric  display  vfith  verbal  report  on 
goofin'-ss"  of  PCS 

27 

0 

"SO  brg  0^5""  (So.;ar) 

Tactical  display 

28 

0 

"Right  15'’  rudder.  Ship  control 

steady  on  339" ,  ail  ahead 
^/3;  build  up  turns 
slov/ly" 
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Time  Command  Infoirnatlon  Display,  .Control  CoinitondB. 


28  0 
(Cont) 

brg  026° "  (Sonar,) 

Tactical  display 

30 

> 

"Man  battle  stations" 

Ail  stations 

0 

"S-9 -brg  026°"  (Sonar) 

Tactical  display 

31 

0 

"S-9  brg  025®  ,  light, 
single;  screw;  turn  count 
65,  est.  speed  9  kts, 
light  cavitation;  prob¬ 
able  submarine"  (Sonar) 

Tactical  display  (Turn  count  not 
necessary) 

32 

0 

Fire  Control  presents 
solution 

Data  oh  tactical  display,  FCS,  re¬ 
flected  In  kill  probability,  verbal 
report  on  "goodness"  of  PCS 

> 

"Come  right  to  350°" 

Ship  control 

33 

0 

"All  stations  on  the  Verbal  report 

line,,  battle  stations 
have  been  manned  through¬ 
out  the  ship"  (Operations) 

3H 

> 

"We  will  fire  ah. Initial 
salvo  of  two  Mk  37-Os ; 
firing  order  will  be  #1 

Weapon  and  tube  speplflcatloh, . 
guidance  and  ejection  mode  to  fire 
control,  firing  order  Is  coinputer 
determined 

35 

0 

"Target  brg  625°"  (Sonar)  Tactical  display 

37 

"Make  ready  all  tubes 
with  the  exception  ,of 
opening  the  outer  dodrs" 

Fire  control 

38 

0 

"Target  brg  02^° ,  still 
cavltatlng  slightly" 
(Sonar) 

Tactical  display 

39 

0 

"Fire  control  reports 
PCS" 

Data  appear  on  tactical  display, 
solution  status  reflected  in  kill 
probability,  PCS  "goodness"  re¬ 
ported  verbally 

l|0 

"Ail  ahead  1/3;  steer 

Ship  control 

35i,o " 
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Tiin6  Corraiianu 


infonriatlon  Dlsplay.j^  Concito^  .Corf-’nanda 


41 

l> 

"Use  following  nonsyn^ 
chronous  functions;  pas¬ 
sive  homing,,  low  speed, 
snake  search,,  no  limits" 

Eire  Control 

42 

Q 

"Target  -brg  steady  oh 
024° ,  no  discernable 
■drift  j  noise  level,  in¬ 
creasing,  target  appears 
to-  be  above  us" 

Tactical  display 

0 

Kire  Control  reports 
solution 

Data  appear  on  tactical  display, 
solution  status  reflected  in  kill 
probability 

45 

> 

"Set  enabling  runs  for 
1,000  yds,  set  running 
depths  at  10°  and  25° " 

Parameters  set  by  computer  in 
present  scheme 

46 

0 

"S-0  brg  024°"  (Sonar) 

Tactical  display. 

48 

t> 

"Open  the  outer  doors  on 
n  and  #4" 

Fire  control 

50 

0 

"Tubes  //I  and.  //4  ready 
in  all  respects"  ( Plre 
Control) 

Verbal  report 

51 

0 

"Target-  increasing 
speed;  brg  005°"  (Sonar) 

Tactical  display 

52 

0 

"Target  brg  023' $  turn 
count  102  heavy  cavita¬ 
tion  est.  speed  13  kts" 
(Sonar) 

Tactical  display 

53 

0 

"Target  drawing  left, 
now  bears  021°;  D/E 
angle  +  10°  (Sonar) 

Tactical  display 

54 

0 

"Target  course  steady  Tactical  display 

on  227°;  estimate  depth 
at  250  ft,  range  at  6,000 
yds"  (Eire  Control) 

55 

0 

"Target  brg  0l8° ,  heavy 
cavitation,  speed  un¬ 
changed"  (Sona”) 

Tactical  display 
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Time 

Command 

Information  ^Display,  Control  Cot'i.-nahds 

57 

1> 

"Change  torpedo,  speed 
settings  to  high" 

Computer  does  this  automatically 

58 

t> 

"Standby  #1  and 

Not. necessary,  since  firing  is  auto¬ 
matic  by  computef  after  outer  ddora 
are  open  arid  warhead  is  activated 

5'? 

> 

"Get  a  single  ping  range 

"  Sonar 

0 

"Range  to  target  5806 
yds,  brg  015°"  (Sonar) 

Tactical  display  (Verbal  report 
may  supplement) 

0 

"Correct  solution" 

( Plre  Control) 

Verbal  report 

60 

c> 

"Shoot" 

Computer  determined 

0 

"Tube  #1  fired  elec¬ 
trically"  (Plre  Control) 

Verbal  report 

0 

"Shoot" 

Computer  coritfolled 

o 

"Tube  ^'1  fired  elec¬ 
trically  (Plre  Control) 

Verbal  report 

6l 

> 

"Sonar,  follow  the 
torpedoes" 

Sonar 

i> 

"Make  turns  for  2  ktsj 
rig  ship  for  quiet  con¬ 
dition  III" 

Ship  control ,  Operations 

62 

o 

"Torpedoes  funning  at 
355°,  3^6°;  target  brg 
011°"  (Sonar) 

Verbal  report,  tactical  display 

t> 

"Reload  #1  and  #4  with 

Mk  37-Os" 

Plre  Control 

63 

0 

"Torpedoes  running  at  Tactical  display,  verbal  report 

356°  and  3‘iT ,  very  faint, 
target  bfg  067° ,  still 
cavltatlhg"  (Sonar) 

O  "Contact  ateoviy  on  course  Tactical  display 
297°;  estimate  depth  270 
ft,  raiigo  5700  yds" 

(Plre  Control) 
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Time  Command  Inromation  Display,  C6ntr.61_Comiiianda; 

64  O  "Lost  contact  on  tor-  Verbal  report,,  tactical  display 

ppddes  v  last  brgs  35?" 
and  3^8":  target  now 
bears  OO'!""  (Sonar) 

65  6  "Target  has  decreased  Tactical  display 

speed;,  no  longer  cavita= 
tl.hg;  turn  count  48  rpfii; 
estimate  speed  7  kts" 

(Sonar) 

66  O  "Weapons  should  b-^  withr  Verbal  report 

In  acquisition  range" 

(Fire  Control) 

67  6  "Target  Increasing  speed;  Tactical  display. 

heavy  cavitation;  brg 
002" "  (Sonar) 

68  6  "Single  explosion  on  Verbal  report 

last  target  brg"  (Sonar) 

69  6  "Time  analyses  Indii  Verbal  report 

cates  first  torpedo  hit 
target"  ( PJ  re  Control) 

70  "Fight  full  rudder;  Ship  control,,  sonar 
steady  on  175" »  sonar, 

search  all  around" 

78  O  "Complete  sweep  all  Verbal  report 

around;  no  contacts" 

(Sonar) 

74  f>  "Secure  all  tubes;  All  stations 

secure  from  battle 
statiotis" 
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DATA  PROCESSING  REQUjREMENTS 


9.1  INTRODUCTION 

The  problem  of  defining  the  data  prooesslhg  requirements  for  the  system 
described  in  the  previous  sections  can  be  approached  from  two  dia¬ 
metrically  opposed  points  of  view.  Prom  the  first  point  of  view  the 
conventional  equations  solved  by  previous  systems  plus  any  additional 
-processing  necessary  to  drive  the  new  displays  would  be  taken  as  the 
basis  for  establishing  the  required  computer  charaoterlstl'cs.  Prom  the 
second  point  of  view  the  compviter  characteristics  would  be  established 
bn  the  basis  of  those  equations  which  would  be  most  useful  in  Improving 
the  combat  effectiveness  of  the  submarine,  this  study  has  taken  the 
second  approach., 

During  phases  I  chrough  V  of  ONR's  SUBIC  program  a. methodology  has  been 
established  for  arriving  at  the  characteristics  of  ah  integrated  "Attack 
Control  System. "  At  the  start  of  this  study  for  the  Bureaus,  a  PERT 
chart  (Appendix  li  was  prepared  which  outlined  the  steps,  time  and  man¬ 
power  requirements  necessary  to  arrive  at  a  well  engineered  concept  for 
this  system.  Since  both  time  and  funding  limitations  precluded  the  com¬ 
plete  study  as  outlined  in  the  PERT  chart,  it  was  necessary  to  rely 
solely  on  current  SUBIC  work  to  establish  the  most  effective  data  pro¬ 
cessing  equations.  'Phis  meant  that  in  some  areas  detailed  studies  pre¬ 
dicting  the  performance  wnloh  could  be  expected  were  available i  while 
in  other  areas,  less  detailed  infonfiatioh  oh  performance  Was  available. 
The  principal  reports  containing  performance  information  pertinent  to 
this  study  are  as  follows! 

Fire-Control 

1)  "Mathematical  Concepts  of  the  Automatic  Statistical  Processing 

Fire  Control  Computer"  -  EB  report  Ciil7-6l-011. 

2)  "Optimal  Firing  Anglf-s  and  their  Acquisition  Probability  for  a 

Salvo  of  Straight  Running  Torpedoes"  -  EB  reporj-  C?llY-62-0iA, 
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Sufcv-elilanco- 

3)  "Digital  . Simulation  of  a  Confor*>;ai  DIMUS  Sonar  Sy-atem  (Phase 
II)"-  EB  report  Utiii-ei-OlO. 

Ship,  Control, 

4)  "Synthesis  of  a  Control  System  for  Automatic  Maneuvering  of 
Submarines"  -  EB  report  C417-62-01';;. 

Navigation 

5) .  "The  N7B  Inertial  Navigator"  -  Autonellds  Report  EM- 2140, 

In  addition  to  these  reports  several  others  are  in  preparation, 
scheduled  for  distribution  during  Phase  VI, 

9.2  METHODOLOGY 

To  arrive  at  computer  characteristics  in  a  logical  arid  orderly  fashion 
Electric  Boat  has  retained  Computer  Usage  Company  of  Now  York  to, per¬ 
form  a  three  phase  study. 

Pha.^e  I  is  the  definition  of  the  different  data  processing  tasks  which 
must  be  performed.  Tire  source  and  characteristics  of  each  input  to  the 
bask,  the  destination  and  characteristics  of  each  output  from  the  task, 
and  the  processing  which  must  be  done  to  derive  the  output  from  the  in¬ 
put  define  the  basic  characteristics  of  the  task.  The  frequency  or 
rate  at  which  the  processing  must  be  done.  Inputs  sampled,  or  outputs 
transmitted  must  also  be  knovrn  in  order  to  determine  the  magnitude  of 
the  task.  The  input  and  output  descriptions  indicate  the  "task  to 
task"  communications  requirements  as  well  as  the  "man-machine"  communi¬ 
cations  requirements. 

Phase  II  is  the  determination  of  the  general  characteristics  which  the 
data  processing  system  must  have,  uaseu  o..  uie  specific  tasks  defined 
in  Phase  I.  Storage  capacity,  proceasing  speed,  and  Input/output  capa¬ 
bility  are  characteristics  which  can  be  estimated.  In  addition,  the 
following  factors  can  be  examined  with  respect  to  these  tasks  and  the 
basic  characteristics  of  the  data  processing  system  as  it  is  affected 
by  these  factors  can  be  describc-a: 
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i')  Prot^rammlnp:  Implications.  -  What  programmihg  and  dcfcvgging 
systems  iiwst  be  developed  to  as*  1st  in  programming  the  tasks? 

Are  dynamic  simulation  techniques  necessary  to  test  the  system? 
Wni  data  recording  be  required  tor  debuggirig  and  dynamic  slmula- 
tloh? 

2)  Executive.,  routines.  -  Vfnat  hinctlons  must  the  executive  rou¬ 
tines  perform  (e.g. ,  task  scheduiltigi  assignment  of-  priorities, 
monitoring  system,  etc)? 


3)  input/output  system  -  What  types  of  Input/output  functions 
must  be  performed?  Where  should  program  interrupts  be  used  as 
opposed  to  programmed  input  sampling? 

4)  Controlled  degradation  -  To  what  extent  must  the  tasks  be  re¬ 
allocated  upon  failure  of  part  of  the  system?  What  are  the 
priorities  which  determine  the  reallocation? 

5)  Error. restart .procedures  -  How  much  information  must  be  saved 
to  peimit  restarting  upon  detection  o'*  an  error?  What  are  the 
priorities  which  determine  the  reallocation? 

6)  Growth  -  Wiat  growth  potential  must  be  provided  to  accommodate 
additional  tasks  anticipated  by  Phase  1? 

Phase  ill  is  an  evaluatloir  of  three  basically  different  configurations 
of  data  processing  equipment.  The  configurations  are:  a  large  du¬ 
plexed  system,  many  independent  but  intercommunicating  systems,  and  a 
polymorphic  system.  11113  evaluation  is  made  with  respect  to  the  above 
six  factors  and  indicates  the  effect  the  specific  type  of  equipment  con¬ 
figuration  has  on  each  of  these  factors.  Additional  factors  whlo.n  are 
considered  in  Phase  III  are: 

7)  Reliability  -  How  reliable  is  the  equipment  configuration 
likely  to  be  relative  to  the  other  configurations?  What  is  the 
difficulty  in  locating  and  repairing  failure.^? 
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8)  Vulnerability  -  How  Is  the  capacity  of  the  system  affeotod  by 
the  total  or  partial  failure  of  r.  major  unit? 

9)  Error. detection  -  How  easily  are  errors  detected?  How  much 
programing  is  required  to  detect  errors? 

10)  Maintenance  -  What  types  of  maintenance  programs  arc  required? 
Can  diagnostic  programs  be  implemented  easily? 

11)  Ta3k..di3trlbuslon  -  How  should  the  different  tasks  be  allooated 
with  the  system? 

la)  Costs  -  What  are  the  relative  costs  of  the  alteniative  sys¬ 
tems?  What  are  the  programming  costs  associated  with,  each  system? 

9.1  STATUS  OP  THE  STUD? 

This  report  represents  the  results  of  Phase  1  of  this  study  and  as  such 
will  form  the  problem  statement  for  Phase  II  of  the  study  sciieduled  for 
completion  early  in  August.  In  the  following  sections  of  this  chapterj 
the  equations,  computational  i-ates,.  and  wiiei’O  applicable,  a  discussion 
of  the  problems  involved  in  effective  use  of  a  central  computer,  for 
the  following  data  processing  functions,  have  been  supplied J 

Fire.  Control 

l)  Bearing  Presmoothing 
Linear  f.ig  Detection 

3)  Relative  Motion  Analysis 

4)  New  Churn  Solution 

5)  Spread  Fire  Calculations 

6)  SUBROC  Kill  Probability 

7)  Preset  Torpedo  Equations 

8)  Wlx’e  Guided  Torpedo  i^uations 

9)  Intercept  Torpedo  Equations 

10)  SUBROC  Erection  and  Alignment  Equations 
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Surveillance 

11)  Stabilization  and  Destablll-jatlon  Equations 

12)  Variable  Integration  Time  imputations 

13)  Chi-Square  Test 

14)  Chi-Square  Time  Test 

15)  Weighted  Mean  Test 

16)  Bearing  Interpolation 

17)  Generated  Target  Track 

Ship -Control 

18)  Automatic  Control  ^nations 

19)  Quickened  Control  Equations 

20)  Hovering  Equations 

21)  DlgltaJ  Filtering 

Navigation 

22)  boran  "C"  Fix 

23)  Star  Fix 

24)  SINS  Platfom  Torqulng  Computations 

25)  SINS  Fix  Computation 

26)  SINS  “niroe -Position  Fix  Reset 

Command 

27)  Tactical  Display  Computations 

28)  Acoustic  Detection  Envelope  Display 

Some  of  those  computational  tasks  have  been  analyzed  and  actually  im¬ 
plemented  on  some  type  of  data  processing  equipment.  Other  tasks  have 
been  analyzed  and  programmed  for  the  IBM  704  for  detailed  study  of 
accuracy,  stability,  and  variation  of  the  solution  under  different 
conditions.  These  tasks  can  be  considered  to  be  well  defined  and  the 
requirements  for  their  Implementation  firmly  established. 

Other  tasks  have  been  analyzed  superficially  so  chat  the  requirements 
for  'onei:'  implement  at  ion  eon  only  bu  appro,  Imated.  Still  other  tasks 
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have  hot  been  analyzed  at  ail  so  that  it  is  only  possible  to  mane  an 
educated  guess  at  their  requirements i 

ihere  will  inevitably  be  changes  to  the  tasks  as  they  are  now  envisioned 
and  other  tasks  will  present  themselves  as  candidates  to  utilize  the 
capability  of  a  data  processing  system.  The  best  that  this  study  can 
hope  to  achieve  is  to  estimate  the  order  of  magnitude  of  the  data  pro¬ 
cessing  requirements  and  to  state  the  assumptions  made  in  arriving  at 
the  estimate.  Ah  important  characteristic  of  the  data  processing  sys¬ 
tem  is  that  it  be  flexible  and  that  it  be  capable  of  aoconmodating  the 
growth  and  changes  which  will  occur.  Thus,  even  though  the  .size  of  the 
data  processing  requirements  may  change,  the  system  characteristics 
determined  by  this  study  should  hot  change  except  that  more  or  less 
equipment  will  be  required  as  the  size  of  the  tasks  are  greater  or  less 
than  estimated;  if  the  order  of  magnitude  of  the  data  processirig  ve- 
quirements  is  changed,  however,  some  of  the  conclusions  drawn  fivim  this 
study,  may  have  to  be  modified. 

q.t  PnOBI.EM  AREAS  IN  DEPININO  THE  DATA  PROCESSINQ  REQUIREMEOTS 
The  list  of  daca  pr^ocessing  functions  given  above  is  not  in  any  sense 
a  definitive  list.  Some  computational  functions  such  as  computer  .cal¬ 
culated  zlg  plans,  although  functionally  Important,  will  neither 
materially  affect  the  computer  speed  nor  computer  storage  char'acter- 
istlcs.  in  cases  such  as  this  no  attempt  has  been  made  to  define  the 
actual  equations.  In  cases  where  the  computations  are  not  yet  available, 
but  eventual  computer  calculation  is  envisioned,  such  as  automatic 
hovering,  equations  with  similar  order-of-magnltude  characteristics  have 
been  defined  as  the  basis  for  estimating  computer  characteristics. 

Some  of  the  more  important  problem  areas  which  could  appreciably  effect 
the  computer  characteristics  and  hence  require  further  study  arej 

1)  Definition  of  the  hovering,  trim  and  ballast  control  system. 

2)  ^finition  of  the  number  of  sensor  inputs  to  the  automatic 

steering  and  diviiig  control  system  requiring  filtering. 
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3)  Definition  of  the  eriviroriinental  infonnatlon  vrtiich  can  be  dis¬ 
played  at  the  coiranahd  console  a»  the  basis  for  tactical  decision 
maUinis . 

4)  Definition  of  the  processing  requirements  for  PUFFS,. 

5)  Definition  bf  the  degree  of  integration  which  can  bo  achieved 
between  passive  and  active  computer  px’oceosing  concepts., 

6)  Definition  of  an  improved  v/ij'e  guided  torpedo  conti’ol  concept; 

7)  Definition  of  an  Improved  tactical  perfonnance  criteria. 

8)  Definition  of  a  tactical  communications  concept  for  coordinated 
attache ; 

Definition  of  a  technique  to  obtain  localisation  solutions 
against  maneuvering  targets. 

9.5  sii:;p  coiirnoi.  data  processing  requirements 
9.5.1  'Cntxssduotion 

Ship  control  Is  exercised  through  the  Ship  Control  Console  at  which  the 
operator  enters  infoniiatlon  to  bo  processed  by  the  computer  and  pro¬ 
cessed  data  and  aenant  iuta  arc  Usplay*  d  to  tlie  operatoi'.  Conti’ol  sig¬ 
nals  may  bo  sent  to  actuate  the  control  mc>;hai;lam3  from  the  computer  or 
directly  from  the  Ship  Control  Console, 

The  five  major  data  processing  tasks  associated  vfith  ship  control  are: 

STEERING 

DIVING 

HOVERING 

TRIM 

BALLAST 

Of  these  tasks,  steering  and  diving  have  been  defined  sufficiently  so  that 
tliedata  processing  requirements  for  their  i  iploincuLatloii  eao  bo  determined, 
A  hovering  equation  has  been  Indicated  that  prov.lUes  a  good  approximation 
for  estimating  the  computational  requirements.  Main  ballast  has  been 
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defined  as  requiring  no  computer  usage.  Trim  Has  not  been  sufficiently 
defined  to  permit  evaluation  of  Its  processing  requirements,  although 
provision  has  been  made  on  the  Ship  Control  Console  for  the  controls 
and  dist.lays  vihich  are  anticipated  to  be  required  for  impiementatlon. 

For  purposes  of  determining  the  data  processing  requirements  associated 
with  trim,  it  is  assumed  that  the  magnitude  of  this  task  is  approximate¬ 
ly  equivalent  to  the  steering  and  diving  tasks,  F’urther  analysis  is 
necessary  in  order  to  verify  this  assumption, 

A  minor  task  vihich  must  be  perfonned  is  the  Programmed  Maneuvering 
caloulations.  Generation  of  headings  ant  time  intervals  to  be  used 
for  own  ship  zigging  requires  as  input,  course-made-good,  and  percent 
speed -made -good.  The  computer  can  genei’ate  random  number.s  in  such  a 
way  that  the  desired  course -made -good  and  percent  sisccd-made-good  will 
be  obtained  wlille  zigglng  ualni;,  the  headings  and  time  intervals  de¬ 
rived  from  the  generated  random  numbers.  The  outputs  can  he  used  by 
both  the  auLomatlo  or  manual  control  systems.  Since  the  calculation 
does  not  liave  to  be  performed  very  often,  It  does  not  significantly 
affect  the  processing  load. 

9 . *1 . 2  Autoiiiatio  and  Quickened  Caloulations 

'niere  are  two  major  caloulationa  vjhlch  must  be  performed  for  ship  con¬ 
trol.  The  "automatic"  caleulat.ons  are  employed  when  the  particular 
function  Is  to  be  controlled  by  the  computer.  Iho  "quickened"  calcu¬ 
lations  are  employed  lo  assist  the  operator  monitor  the  automatic 
control  aystei;'  or  are  usod  as  the  principal  aid  to  the  oper’utor  for 
manual  control.  Each  of  the  functions  of  steering,  diving,  hovering, 
or  trim  can  independently  utilize  the  automatic  or  quickened  calcula¬ 
tions  depending  on  the  mode  of  control  selected  by  the  operator. 

Selection  of  the  mode  of  operation  Is  done  by  the  operator  setting 
switenes  on  the  Ship  Control  Console.  Tne  displays  generated  depend 
on  the  switch  settings.  'H'le  SQUIRE  display  has  three  symbols  dis¬ 
played  on  It:  actual  course  and  depth,  ordered  course  and  depth,  and 
quickened  course  ana  depth.  Ti>e  computer  v.iuses  the  "Actual''  symbol 
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to  be  positioned  at  the  correct  place  on  the  display  by  processing  the 
course  and  depth  input  data.  Course  data  is  obtained  from  Iga- 

tion  computations  or  from  the  Mark  19  lyro.  Depth  data  is  obtained  by 
processing  the  pi’essure  gauge  output.  This  output  must  be  filtered  and 
multiplied  by  a  constant  to  convert  It  from  pressure  to  depth. 

The  position  of  the  "Oraereu"  symooi  as  cuiili'oll«u  by  Luc  coiiipuLer  un 
the  basis  of  Inputs  from  the  keyboard  on  the  Ship  Control  Console,  the 
Joystick  using  the  joystick  Order  Button,  or  computer  gem  rated  Inputs 
for  a  Programmed  Maneuver.  Normally  the  ordered  course  and  depth  are 
entered  through  the  keyboard.  When  the  OiMer  Button  oh  the  Joystick  is 
depressed,  the  Joystick  displacements  are  sampled  at  a  -'tO  per  second 
rate  and  the  Ordered  symbol  moves  horizontally  and  vertically  at  rates 
which  are  proportional  to.  the  displacements  of  the  Joystick.  When  a 
Programmed  Maneuver  Is  called  for  to  cause  own  ship  zlgglhg,  the 
ordered  course  will  bo  derived  by  the  computer  on  the  basis  of  the 
generated  random  numbers  as  described  previously  and  the  Ordered  symbol 
will  bo  positioned  accordingly. 

The  "Quickened"  symbol  shows  the  operator  where  the  submarine  will  be 
as  a  result  of  existing  control  action  and  present  ship  dynamics.  It 
servos  both  as  the  primar.v  hiformation  upon  which  the  operator  bases  his 
actiont  when  ho  is  using  manual  control  and  as  an  aid  to  the  operator 
in  monitoring  automatic  coiitrol. 

9. 5. 2.1  Steering  Mode  Selector  Switch 

The  Steering  Mode  Selector  Switch  has  three  positions:  Primary, 
Secondary,  and  Tertiary.  Wnen  this  switch  is  in  the  Primary  position, 
both  the  automatic  and  quickened  equations  are  calculated.  (See  pages 
3*1?  through  3*  “5  for  the  axitomatic  and  quickened  calculations!.  The 
computed  rx'.ddcr  angle  determined  through  the  automatic  equations  is 
transmitted  to  the  actuators  controlling  the  rudder.  The  quickened 
corapiu-ation  uses  the  compxhed  rudder  angle  as  the  W  valu.j  in  the  quick¬ 
ened  equation  for  course.  The  Quickened  symbol  is  then  displayed  on 
SQUIRE. 
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'••/hen  the  Steei'Vhg  Mode  Selector  Sviitcl-  3s  in  the  Secondary  position, 
the  quiclceried  equations  are  calculated  using  the  lateral  Joystick  dis- 
placemenl  or  the  emergency  helm  position  as  the  W  value  In  the  quick¬ 
ened  equation  for  course  and  the  quickened  symbol  is  displayed  on 
SQUIRE  accordingly.  Those  portions  of  the  automatic  equations  which 
pertain  to  steering  only  are  not  calculated  and.  thus  no  signals  are 
sent  to  the  rudder  actuator  from  the  computer.  The  control  signals 
are  sent  directly  from  the  Joystick  to  the  mdder  actuators  without 
passing  through  the  computer. 

When  the  Steering  Mode  Selector  Switch  is  in  the  Tertiary  position, 
the  quickened  equations  are  calculated  using  the  Joystick  displace¬ 
ment  j  if  the  emergency  power  switch  Is  not  on  "RUDDER"  or  "ALL",  as 
the  W  value  in  the  quickened  equations  for  course,  and  the  quickened 
symbol  if;  (ii,.splayt"l  oi  SQUIRE.  If  tlio  c'i:orj..onoj  power  switch  is  on 
"rudder"  or  "ALL"  the  rudder  angle  Is  used  as  the  W  value  since  nidder 
rate  control  is  being  employed.  As  In  the*  Secondary  position,  no  cal- 
culut-ions  are  performed  for  the  automatic  equations  as  they  pertain  to 
steering.  Tlie  control  signals  are  sent  directly  from  the  emergonc.v 
Helm  or  Joystick  to  the  inidder  actuators  without  passing  through  the 
computer. 

9.5'2<2  Diving  Mode  Selector  Switch 

The  Diving  Mode  Selector  Switch  has  three  positions:  Primary,  Second¬ 
ary,  and  Tertiary.  ’Wlren  this  switch  Is  in  the  Primary  position  both 
the  automatic  and  quickened  equations  are  calculated.  The  computed 
plane  angles  determined  through  tire  automatic  equations  are  trans¬ 
mitted  to  tile  actuator's  controlllrig  the  planes.  The  ^Oniputed  stem 
plane  angle  is  used  as  S  in  the  quickened  equation  for  depth  and  the 
quickened  ;'„Mboi  "s  dlspla’  ed  o.i  SQUIRE. 

Wlien  the  Diving  Mode  .Selector  Switch  is  In  the  Secondary  or  Tertiary 
position  and  Ihe  eiiiergcncy  povfer  switch  is  not  on  "PLANES"  or  "ALL" 
the  quickened  equation.®  arc  calculated  uslnt'  the  longitudinal  dis¬ 
placement  of  tl'.e  Joystick  as  the  S  value  in  the  quickened  equation 
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for  depth.  If  the  switch  is  on  "PLANES"  or  "ALL"  the  stern  plane 
position  Is  used  for  3.  lhoi>c  in/i-tluiis  of  Uit  automatic  equations 
which  pertain  to  diving  only  are  not  calculated  and  no  signals  are 
sent  from  the  computer  to  the  planes  actuators.  The  control  signals 
are  sent  directly  from  the  Joystick  to  the  planes  actuators  without 
passing  through  the  computer. 

9.‘5.8.3  Steering  arid  Diving  Controls  and  Displays 
The  Joystick  O'/er.rlde  .Button  petroits  the  operator  to  instantaneously 
place  both  steering  and  diving  control  in  the  Secondary  mode  without 
the  necessity  of  changing  the  positions  of  the  Steering  and  Diving 
Mode  Selector  Switches. 

TTiere  are  several  other  switches  which  control  different  aspects  of 
the  calculations  perfomed  or  infoimiation  displayed.  These  switches 
are  described  below. 

The  Maximum  Allowable. Pitch  Angle  Selector. Switch  detemines  the 
value  of  used  in  the  automatic  arid  quickened  equations. 

The  Maximum  Allowable  Rudder  Angle  Selector  Switch  detennlries  the 
value  of  6^  used  in  the  automatic  and  quickened  equations. 

The  Turning  Direction  Input  bvittons  associated  with  the  keyboard  per¬ 
mit  the  operator  to  force  the  ship  to  turn  to  Port  or  Starboard  to 
arrive  at  che  course  he  enters  through  the  keyboard.  Unless  the  dir¬ 
ection  of  turn  is  forced  by  depressing  one  of  these  two  buttons,  the 
direction  of  turn  chosen  by  the  computer  when  steering  is  in  the 
Primary  mode  is  that  direction  which  will  minimize  the  angle  of  turn. 

The  SQUIRE  Pain  Selector  Switch  indicates  to  the  computer  the  scale 
to  be  used  within  the  ordered  square  on  SQUIRE  for  the  quickened  sym¬ 
bol. 

The  SQUIRE  Depth  Scale  Selector  Switch  indicates  to  the  computer  the 
depth  scale  to  be  used  on  the  SQUIRE  display  and  is  required  to  pro¬ 
perly  position  the  symbols  on  SQUIRE. 
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The  Bnerpiehcy  Power.  Control  Switch.  dJ  .'ects  emergency  power  to  the 
planes  and/or  rudder  when  It  is  oh.  in  this  case  the  value  used  for 
S  in  the  quickened  equation  for  diving  is  the  stern  plane  6^  and  the 
value  used  for  W  in  the  quickened  equation  for  steering  is  the  iaidder 
angle  6^,.  When  this  switch  is  on  the  operator  has  rate  control  over 
the  control  surfaces  selected. 

The  Computer  Reject  Light  comes  on  to  indicate  that  a  keyboard  entry 
was  not  accepted  by  the  eomputeri  It  is  turned  off  when  an  acceptable 
entry  is  made; 

The  Neutrals  Trim  Angle  Is  the  command  for  the  automatic  trim  system 
and  serves  as  a  bias  on  the  pitch  angle  used  in  the  automatic  and 
quickened  calculations. 

The  Fairwater  to  Sterhplane  Ratio  switch  indicates  the  ratio  to  be 
used  in  the  diving  control  equations  if  it  is  to  be  different  from  8^3 
used  in  the  automatic  system. 

The  Hovering  Power  Switch  energizes  the  hovering  pump  and  indicates 
to  Che  computer  that  the  diving  mode  selector  switch  now  Indicates 
hovering  mode. 

The  Pump  Hate  switch  indicates  the  pump  rate  to  be  used  in  the 
hovering  control. 

9.‘i.3  Hovering  Control 

The  hovering  control  has  two  modes  of  operation;  primary  and  secondary. 
The  primarj'  h.overi.ng  is  a  fully  automatic  system  (equations  given  on 
page  3''n) ,  In  secondary  mode  the  Joystick  serves  is  the  flood-blow 
control.  In  both  modes  a  quickened  depth  is  computed  and  displayed 
on  SQUIRE.  Since  the  qulcker-'d  equation  has  not  been  completely  de¬ 
fined,  the  data  processing  rcqulremenls  arc  assumed  to  be  equivalent 
to  that  for  the  quickened  depth  in  diving  control. 
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iloverlhg  control  can  be  in  effect  only  at  zero  speed.  This  implies 
that  no  oomputatlohs  of  any  type  need  be  done  for  steering  arid  diving 
when  hovering  calculations  are  being  pirforined  and  vice  versa'. 

Sensor.  Inputs 

The  automatic  and  quickened  equations  require  values  of  the  following 
variables,  other  than  console  inputs,  as  input  to  the  calculations: 

Course  Dept  Acceleration 

Course  Rate  Own  Ship  Speed 

Pitch  Fairwater  Plane  Angle 

Pitch  Rate  Stem  Plane  Angle 

Depth  Rudder  Angle 

fepth  Rate 

These  variables  are  displayed  on  the  Ship  Control  Corisole  in  various 
forms,  however,  only  those  fonr.s  which  irifluence  the  computer  require¬ 
ments  will  be  discussed. 

Of  these  variables  the  course,  depth,  and  speed  are  displayed  in  both 
digital  and  analog  form  on  the  Ship  Control  Console,  ^^e  course  is 
obtained  from  the  Mark  19  Qyro  or  from  the  Navigations  computations. 

The  computer  will  use  course  data  from  one  of  these  sources  to  drive 
the  digital  course  indicator.  Depth  is  derived  from  the  sea  pressure 
gauge  by  multiplication  of  the  sensed  pressure  by  a  constant.  The 
computed  depth  is  then  used  by  the  computer  to  drive  the  digital  depth 
gauge.  Similarly,  the  speed  is  obtained  from  the  Navigation  computa¬ 
tion  or  by  multiplying  the  sensed  EM  Log  input  by  a  constant.  The  com¬ 
puted  speed  is  used  to  drive  the  digital  speed  indicator. 

The  stern  plane,  fairwater  plane,  and  rudder  angles  are  used  in  the 
calculations  and  are  displayed  on  the  console  but  not  in  digital  fonn. 
In  this  case,  the  angle  sensors  are  used  to  drive  the  displays  directly 
and  the  sensor  output  are  digitized  and  entered  into  the  computer.  The 
computer  uses  these  values  in  its  calculations  but  does  not  drive  the 
angle  indicator  displays  on  the  console. 
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The  pitch  used  in  the  computations  can  be  obtained  from  the  Mavtgatlcn 
computations  or  from  a  pitch  angir  caraor.  The  pitch  afigie  displayed 
on  the  console  is  driven  by  the  sensor  directly.  The  pitch  rate  dis¬ 
played  on  the  console  is  obtained  using  analog  equipment  to  process  the 
sensor  data,  the  pitch  rate  used  by  the  computer  is  derived  from  the 
pitch  angle  input  to  the  computer  from  the  Navigation  computations  or 
the  pitch  angle  sensor.  Thus  the  computer  must  digitally  filter  the 
pitch  angle  input  data  and  differentiate  it  to  derive  the  pitch  rate. 
The  digital  filtering  process  is  described  oh  pages  3f16-3ll8. 

The  course  rate  is  used  in  the  automatic  and  quickened  calculations 
but  is  not  displayed  on  the  console.  Tne  computer  must  digitally  fil¬ 
ter  the  course  input  data  and  differentiate  it  to  derive  the  course 
rate.  The  digital  fllter.,ng  process  is  described  on  pages  3*(6r3^8. 

The  depth  rate  and  depti  acceleration  are  derived  from  the  depth  by 
digital  filtering  and  computing  the  first  and  second  derivatives. 

These  values  are  used  by  the  computer  to  drive  the  digital  depth  rate 
and  acceleration  displays  and  are  also  used  in  the  automatic  and 
quickened  calculations. 

9.5i1  Suiiimarv-of  Inputs  and.  Outputs 
Operator  Inputs  -  Static 

Steering  Mode  Selector  Switch 
Diving  Mode  Selector 
Hovering  Control  Switch 
Joystick  Order  Button 
Joystick  Override  Button 
Maxlniam  Allowable  Pitch  Angle 
Neutral  Trim  Angle  Sv/itoh 
Maximum  Allowable  Rudder  Angle 
SQUIRE  Gain  Selector  Switch 
SQUIRE  Depth  Scale  Selector  Switch 
Falrv/ater/Stern  Plane  Ratio  Switch 
Emergency  Pov/er  Control  Switch 
Hovering  Pump  Rato 


CONFiDENTIAL  . 


Operator  Inputs 


Sensed  Inputs 


Outputs 
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Dynamic 

Keyboard  -  tesired  Course  and  Depth 
Port  Turning  Dlreovion  Indicator 
Starboard  Turning  ‘Direction  Indicator 
Joystick  Displacement 
Helm  Displacement 


Course  (from  Mark  19  Oyro^ 
Pitch 

Sea  Pressure 
EM  Log 

Falrwater  Plane  Angle 
Stern  Plane  Angle 
Rudder  Angle 


Reject  Signal  (keyboard  entry  not  accepted) 

SQUIRE  X,  Y  of  Actual  Symbol 

SQUIRE  X,  y  of  Ordered  Symbol 

SQUIRE  X,  Y  of  Quickened  Symbol 

Ordered  Rudder  Angle 

Ordered  Falrwater  Plane  Angle 

Ordered  Stern  Plane  Angle 

Digital  Course 

Hovering  Blow  -  Flood  Rate 

Ordered  Trim  Pump  Rate 

Trim  System  Water  Routln^; 

Digital  -  Depth 
D(jpth  Rate 
Depth  Acceleration 
Digital  -  Own  Ship  Speed 
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9.5.6  Aufcomailc.  Control  Equations 
Constants;  through  aggiUcrlt 

Static  Variables;  0  =  maximum  allowable  pitch  angle 

•nci«w 

5-  =  maximum  allowable  rudder  angle 


Dynamic  Variables;  »  ordered  course  (entered  via  keyboard) 

-  ordered  depth  (entered  via  keyboard) 

l^lTOihg  direction  «  (shortest,  forced  port,  forced 
starboard) 

Sensed  Variables;  6^  =  falrwater  plane  angle 
i'  a  course 
ij/  u  course  rate 
Z  >=  depth 

Z  «  depth  rate 

*  « 

Z  H  depth  acceleration 

• 

0  a  pitch  rate 
V  IS  speed 

w  ”  normal  ship  velocity 

q  t=  pitch  rate  (in  ship  coordinate  system) 

(Note;  the  rates  are  obtained  via  digital 
filtering) 

Output  variables:  =  desired  inidder  angle 

=  desired  stern  plane  angle 

»  desired  falrwater  piano  angle 
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Steering  Equations  s  if'g  =  '  V' 


K^2  =  a3/u3/2  +  a^A' 
'^max  "  ass'^^r  max 


^  ^  iax 

(%%  if  Kl^e  |.<L 


r 


>Vl^e 


If  the  operator  indicates  a  forced  tum  to 
port  or  starboard  the  sign  of  is  made  to 
be  -  or  t  respectively.  ^ 

^d 

Diving  Equations:  2^  •=  2^  -  Z 

Kj  a  U^/V(a5-ag/U) 

Kg  «  V^^^{a,j-aQ/V)/{h^  -  aioU^/2) 

K,  «  (ajj  - 


K 


4 


ai9(U  -  agQ)y[l  +  (U  -  agQ)Vagi]  if  U>crit 
(U-ago)V[l  1  (U  -  ago)Vl6  )if 


3^3 
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'  \\ 

If 

1  %Ze 

k%ax  w 

"d  "  ■ 

U^max  - 

!  «  !  if 

^  ^®max  -'1  w 

[  wj.  if 

K.,Z- 

<^U®rnax  + 1  « 

1 

' 

M'S  1 

2 

if 

U  > 

'^orit 

'l 

-U0 

if 

U  < 

«crlt 

6  : 

■  h  [(*d 

-  Z)  Kg  ^ 

-m] 

■ 

--6  +6.^z2/(z2  +|z^j|/2 

®ad  “  ®l8'i^  + 

+  6'Z|/(Z|  +  Z^i  /2) 

where  Zel  Is  the  initial  depth  error. 


9.5.7  Quickened , Equat Ions 
Constants?  k^  through  k^Q 


Static  Variables!  0„„„  »  maximum  allov/able  pitch  angle 

inaA 

Sj,  «  maximum  allowable  rudder  angle 

Dynamic  Variables:  Longitudinal  Joystick  Displacement 
Lateral  Joystick  Displacement 
Helm  Displacement 
»=  ordered  course 

Zj  =  ordered  depth 
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Sensed  Variables: 


Output  Variables: 

Quickened  Course: 
Quickened  Depth: 

Operating  Modest 


6^  =  stem  plane  angle 
6^  a  mdder  angle 

ii  f*  course 

* 

ii  ••  course  rate 

Z  a  depth 

« 

2  =  depth  rate 
0  B  pitch 
0  «  pitch  rate 

"  stern  plane  angle  1  compute  from 

%  MV*  WWItlU  W  AW 

»  rudder  angle  |  equations 

Vq  a  Quickened  course 
Z^  B  Quickened  depth 

-  1^)  +  If  +  ;  1  +  kgW 

*  *  I  l^d  -  ^l| 

ZQ-z  +  kjS  +  kge  +k32|i  -  '455-1 

+  (HS  +  0/0^^^  +  kg^  -  kgZ)  I  -  z| 

steering  In  Primary  mode  use  W  ■  6^^ 

“"'J  -  k^  6^ 

Steering  in  Secondary  mode  use  W  ■  lateral 
Joystick  displacement  and  ■  k^B^, 

Steering  in  Tertiary  mode  use  W  ■  helm  displacement 
Wmax  "  *^9^  max 

Diving  in  Primary  mode  use  S  ««  6^^ 

3'i'; 
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Diving  in  Secondary  or  Tertiary  mode  ”<5e  S  « 
longitudinal  Joystick  dlsplaceinehti 

if  the  Bnergenoy  Power  Control  ^Itoh  is.  0N> 
use  W  s  6^,  S  a  6^-,  and  a  k^o. 


9.5.8  Hov 
instants : 


Constants :  a jg  through  a^ji 

Dynamic  Variables  t  2^  a  owlered  depth 
Sensed  Variables!  2  a  depth 


Output  Variables 


2  a. depth  rate 

•• 

2  «  derth  acceleration 

f  •  signal  proportional  to,  desired  flood  or  blow 
rate. 


Hovering  Computational  fj  «»  +  a,^j2  +  -  Z) 

^  if  |fll  <«33 

'  S4®ign  ^1  \h  I  ^  Sa 

9.5.9  Digital -Pilterihg  ' 

Given  a  sequence  of  values  X(Tj)  at  equally  spaced  Ihcremehts  of  time 
i  Tj^  »  AT  constant)*  it  is  necessary  to  remove  noise  by  filtering 
the  data.  A  simple  fom  of  filtering  is  to  fit  a  least-square  poly- 
nominal  CO  the  data  and  use  the  values  of  the  polynomial  as  filtered 
data.  If  the  data  to  be  fitted  are  X{Tj^)  through  x{Tj^),  the  polj"iomlal 
takes  the  form. 

X(t)  =  +  aj^t  +  Sgt^ 

t  a  (T-T)/At^ 

The  normal  equations  which  must  be  solved  for  a^  through  a^  *!■« 

n  u  _  n 

na  +  a,  £  tl.  +  ...  +  A  2  t.""  »  SX(t.) 
o  1  i„j  1  ^  1„1  i  ial  '  1 
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a„  S  t.  +  a-i  +  ...  +  ^  Z  «  Z  t.X(t,) 

°  iBl  ^  ^  i-1  ^  ^  i»l  ^  1»1  ^  " 


n  „  n  n 

a„  ■  Z  +  Bi  2  +  . . .  +  a^,  St 

o  j-n  1  i  4  -T  4—1 


'!■  t 

1 


z  t'f  x(t) 

i»l 


since  the  value  we  are  interested  in  x’.sing  is  at  time  t^^,  the  polynomial 
is  evaluated  for 

X(t  )  s  a.  +  a.b  +  ...  +  n„fcll! 

'  n  o  in  m  n 

and  the  first  and  second  derivatives  are  given  by 
X(t.)  i  ai  +  2Agt,^  +  ...  +  ma^t^-^ 

X(t^)  «  SAg  +  SAjfcj,  +  ...  + 

Since  the  time  interval  of  interest  is  ccr.tl  Muously  "slidli^  along", 
the  value  of  f  will  be  constantly  changing.  ^  so  doing,  the  sums  of 
powers  of  t^  remain  constant  and  their  values  can  be  precomputed. 

(in  fact,  If  n  Is  an  odd  number,  the  values  of  t,  are  simply  integers) 
Ihe  values  of  X(t^),  X(t^),  and  X(tj^),  can  be  expressed  as  linear  com¬ 
binations  of  the  power  moments  on  the  right  hand  side  of  the  normal 
equations. 

As  an  example  let  m  =  2  and  n  *=  9.  The  normal  equations  are 

4 

9  a.  +  60a^  «  X  X. 
o  i«-4  i 


60  a„  +  706  a„  -  2  1‘^X, 


4  4  5 

a„  «  (59  X  X,  -  5  2  i%)/231 
°  1b-4  ^  la-4  ^ 


a.  Z  1X./60 
^  i=-4  ^ 
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and 


X(tj|)  "  X(4)  =  +  4aj  +  16 

X(tjj)  a  a^^  +  Sa^ 

f  « 

X(ti|/  a  2  a« 


To  go  to  the  next  time  interval  it  la  neoeasary  only  to  recompute  the 
powei-  iHOmenbs  usir:g 

1-4  "  i-4  ^  "^5 


4 

T 

1—4 
4 


IX 


1+1 


4  4 

2  IX.  -  2  X.  +  5  X  1,  +  4Xc 
1  i»-l»  1  -H  5 


1—4 
4 


4  4 

2  l^x.  ,,  a  2  l^X.  a  2  2  IX.  +  2  X.  -  OSX  h+  16Xr 


Ualng  these  new  power  moments  the  coefficients  are  recomputed  end  the 

•  «• 

values  X(t^),  X(t^),  X(t^)  obtained.  This  technique  eliminates  the 
need  to  resolve  the  nomal  equations  directly  and  requires  many  less 
arithmetic  operations. 

Ihc  above  described  technique  must  be  applied  to  the  following  variables! 

Course  and  Co’.irse  Rate 

Pitch  and  Pitch  Rate 

Oepth,  Depth  Rate,  Do?*'".,  .'.ooeleratlon 

Ihe  degree  of  polynomial  used  and  the  number  of  points  in  the  Inter'/al 
must  be  selected  on  the  basis  of  the  characteristics  of  the  data  being 
filtered.  Further  analysis  is  r-equired  to  determine  these  character¬ 
istics. 
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9i5*10  Maintenance  arid  Monitoring 

Facilities  for  detecting  errors  must  be  provided  in  the  system.  Within 
the  computer  this  can  take  the  fom  of  duplicate  computations,  self- 
checkliig  capability,  error-correcting  codes,  or  a  combination  of  these 
techniques.  Since  these  are  characteristics  of  the  computer  system 
being  evaluated  a  fuller  discussion  of  this  subject  is  deferred  until 
Phase  III  of  the  study. 

The  computer  can  perfom  certain  monitoring  functions  for  other  equip¬ 
ment,  however.  This  monitoring  can  be  active,  in  that  the  computer  can 
periodically  scan  through  the  equipments  being  monitored  to  detennine 
that  they  aro  functioning  properly,  or  it  can  be  passive  in  that  the 
computer  normally  does  not  interrogate  the  equipment  but  waits  for  an 
interrupt  to  occur  which  is  caused  by  a  ‘'failure"  signal  generated  in 
the  equipment  which  is  falling, 

In  either  case  the  computer  will  cause  an  indicator  or  alarm  on  a  con¬ 
sole  to  be  activated  so  that  the  operators  attention  can  be  drawn  to 
the  fact  of  the  failure.  It  may  also  be  necessary  for  the  computer  to 
alter  its  computations  when  certain  types  of  failure  occur. 

Three  seta  of  lights  on  the  Slip  Control  Console  are  associated  with  the 
monitoring  functionst  They  aret 

Mode  Status  Panel:  The  nine  lights  of  this  panel  indicate  Primary, 
Secondary,  or  Tertiary  modes  for  steering,  diving  ai'd  trim.  They 
normally  reflect  the  mode  of  control  for  each  of  these  functions 
as  selected  by  the  Mode  Selector  Svjltohes.  ’  If,  during  the  compu¬ 
ter  monitoring,  a  failure  of  some  part  of  the  system  is  detected, 
the  computer  causes  the  corresponding  indicator  light  to  blink. 

When  the  fault  is  corrected  the  light  blinks  at  a  slower  rate  to 
indicate  that  the  system  can  be  used  again. 

Visual  SQUIRE  Alarm:  This  light  is  turned  on  to  indicate  a  failure 
in  SQUIRE. 

Magnetic  Amplifiers:  A  malfunction  Iri  the  Palrwater  Planes,  Stern 
Planes,  or  Rudder  will  cause  the  corresponding  light  to  come  on. 
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<5.5-lL  Computational  Rates 

The  calculations  for  the  automatic  equations  must  be  perfomed  five 
times  per  second.  Thus  the  ships  dynamics  variables,  (cour.so,  depth 
and  speed)  must  be  sampled  at  that  rate  and  control  signal  outputs  to 
the  planes  and  rudder  actuators  transmitted  at  the  same  rate. 

The  calculations  for  SQUIRE  must  bo  performed  40  times  per  second. 
Inputs  to  the  quickened  equations  from  the  Joystick  must  be  s^pied  at 
the  40  per  second  rate  and  outputs  to  SQUIRE  transmitted  at  the  same 
rate.  Tliose  Inputs  to  the  quickened  equations  v-lilch  are  ship's  dynasi'c 
variables  are  sampled  at  the  five  per  second  rate,  however. 

Outputs  to  SQUIRE  for  driving  the  Actual  and  Ordered  symbols  must  be 
40  times  per  second. 

Since  the  ships  dynamics  varla-'les  are  sampled  at  a  five  per  second 
rate,  digital  filtering  of  these  variables  is  done  at  the  same  rate. 
Similarly,  the  digital  course,  speed,  depth,  depth  rate,  and  depth 
acceleration  displays  are  driven  at  the  five  per  second  rate. 

9.6  FIRE  CONTROL  DATA  PROCE.SS1NG  REQUIREMENTS 

9.6.1  Conceptual  Design  of  a  Fire  Control  System 

9.6. 1.1  Mai'  arR  Machine  in  Tlielr  Proper  Perspective 

One  of  the  major  dlscrepencies  in  modern  fire,  control  systems  which 
make  use  of  automatic  competing  machines  is  the  attempt  to  replace  the 
man  by  the  machine.  This  approach  Ignores  the  fact  that  much  of  the 
information  pertinent  to  the  particular  fire  control  situation  at  hand 
la  qualitative  and, therefore, cannot  be  recognized  by  the  machine. 

Infoniiatioh  is  oftei.  i.ut  t.xpi*«?sscd  quaut  Itatl  vely  either  because  there 
Is  no  ad"antage  in  doing  so,  or  because  the  assignment  of  meaningful 
numbers  is  too  dlfflcxilt  cr  not  possible  within  the  framework  of  pres¬ 
ent  knovjledge.  This  does  not  mean,  hov/c-ver,  that  qualitative  Inforroatlon 
Is  not  important.  As  an  example,  consider  an  urgent  situation 
(qual  itatlv  ••  infoiV:at  lor.'  -.;ii1ch  Indicates,  to  tlio  man  that  accuracy  must 
bo  sacr'.flc!  for  i.lini;,  T'.  L"  more  specil’lc,  this  ''ould  mean  that  a 


j 
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solution  which  is  based  on  a  maximum  target  speed  and  which  co’'ld  be 
used  to  fire  a  spread  of  torpedoes  would  be  preferred  over  the  more 
accurate  solution  of  range,  course  and  speed  which  requires  conslder- 
abiy  more  time. 

The  seriousness  of  the  aforementioned  discrepancy  is  perhaps  best  Il¬ 
lustrated  by  the  fact  that  manual  plotting  systems,  which  are  without 
question  Inferior  to  a  machine  for  processing  purely  quantitative  In¬ 
formation,  are  still  being  used  today.  In  these  systems  the  qualita¬ 
tive  infonnatlon  possessed  by  the  man  Is  used  to  deteiroine  the  type  of 
quantitative  processing  to  be  used.  The  results  of  the  quantitative 
processing  are  then  weighed  with  additional  qualitative  information  to 
arrive  at  a  final  decision  which  may  be  to  fife  oi'  to  try  a  different 
approach.  Conceptually,  the  manual  plotting  systems  are  sound  because 
they  pennit  the  use  of  all  infonnatlon  both  quantitative  and  qualita¬ 
tive. 

As  long  as  some  of  the  Infonnatlon  Is  qualitative,  only  the  man  can  be 
aware  of  the  overall  situation.  The  machine  should,  therefore,  assume 
the  secondary  role  of  an  aid  to  the  man. 

9.6. 1.2  The  Closed -Loop  Plre  Control  System 

It  may  happen  that  the  qualitative  Infonnatlon  possessed  by  the  man 
will  be  Improved  by  the  results  obtained  from  processing  quantitative 
information.  Thus,  for  example,  threat -evaluation  based  on  the  Initial 
data  may  be  Improved  by  the  results  of  the  computations  performed.  The 
resulting  changes  In  the  qualitative  Information  may  Indicate  the  de¬ 
al  rablllty  of  an  alternative  data  processing  approach.  The  fire  con¬ 
trol  system  should  thus  be  designed  as  a  closed-loop  system  In  which  the 
the  Input  Is  affected  by  the  output.  This  closed-loop  property  Is 
Inherent  In  the  manual  plotting  systems. 

9.6. 1.3  Desirable  Fire  Control  Ooniputer  Characteristics 

It  was  indicated  In  the  previous  sections  that  the  computer  3ho\>ld  be 
capable  of  processing  quantitative  Information  by  different  methods 
enabling  the  operator  to  select  the  method  appropriate  to  the  situation. 
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Wie  computer  coul^l  thus  be  designed  and  constructed  to  provide  ail 
possible  outputs  simultaneously.  'Phis  approach  is  objectionable  for 
several  reasons! 

1)  it  would  require  an  unnecessarily  large  machine  and  output 
panel. 

2)  the  console  would  be  cluttered  with  output  dials,  only  a  few 
of  wiileii  wovld  be  useful  in  a  given  situation. 

3)  advances  in  information  processing  techniques  would  require 
major  hardware  redesign. 

These  objections  can  be  avoided  by  employing  a  general  purpose  machine 
and,  to  a  certain  extent,  a  genei’al  purpose  console.  The  man  would 
call  for  the  data  prooes.sJng  routine's)  appi-oprlata  to  the  immediate 
situation  and  the  machine  would  perform  only  those  tasks  called  for. 

The  machine  vrould  thus  be  contro"' led  by  the  man.  Not  only  could  new 
data  processing  schemes  bo  added  by  the  relatively  simple  addition  of 
a  new  routine  to  the  computer  library,  but  the  new  schemes  could  be 
evaluated  under  true  operating  conditions  and  revised  or  discarded  as 
indicated  by  the  results. 

9.6.2  Present  Status  In  Quantitative  Infonnatlon  ProoesslnR  Techniques 
Research  efforts  In  quantitative  processln;?  techniques  have  been  dir¬ 
ected  toward  the  development  of  a  group  of  routines  v/hlch  will  permit 
the  implementation  of  the  man-machine  concepts  of  the  previous  section. 

The  processing  techniques  have  been  divided  into  three  groups: 

1)  f/?callzation  solutions  represent  those  routines  which  calcu¬ 
late  target  motion  parameters. 

2)  Ballistic  solutions  include  the  routines  v/hich  calculate  the 
input  parameters  for  the  weanons  from  the  localization  solutions. 

3)  Solution  quality  loutlnes  combine  one  weapon  characteristics 
with  1  and  2  above  to  comoute  the  hit  probabilities. 
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9.6. 2.1  Present  Status  w'th  Respect  to  Localization  Elutions 
Equations  have  been  developed  to  provide  all  of  the  pei’tlnent  informa¬ 
tion  derivable  from  bearing  information  and  any  other  information 
which  may  be  available  (e.g. ,  target  speed  estimate  fTOii  a  screw  count) 
when  the  own-ship  track  consists  of  uniform  rectilinear  motion.  n»e 
equations  constitute  a  routine  called  relative  motion  analysis.  This 
routine  provides  the  earliest  possible  information  from  which  weapons 
may  be  fired  or  from  which  qualitative  Information  can  be  Improved. 

The  processing  of  bearings  provides  the  best  statistical  estimate?,  oft 

1)  bearing 

2)  bearing-rate 

3)  bearing-acceleration 

4)  relative  angle-on-the-bow 

5)  relative  course 

6)  ratio  of  relative  speed  to  initial  range 

7)  minimum  target  speed 

In  addition,  the  routine  will  provide  the  target  range,  course  and 
speed  given  any  one  of  these.  This  latter  capability  la  useful  in  many 
ways  even  when  a  rellaole  estimate  of  either  range,  course  or  speed  is 
not  available.  For  example,  in  a  situation  where  the  bearings  are 
opening,  tho  entry  of  a  maximum  target  speed  will  produce  the  corres¬ 
ponding  maximum  target  range.  Alternatively,  the  entry  of  several 
possible  target  speeds  will  result  in  the  corresponding  ranges  and 
courses  all  of  which  can  be  geographically  displayed  on  a  scope  in  the 
fom  of  possible  target  tracks. 

Passive  target  ranging  can  be  accomplished  in  a  few  minutes  (depending 
on  tho  range)  from  a  routine  which  uses  the  change  in  bearing-rate  re¬ 
sulting  from  a  change  in  own-ship  cross-line-of -sight  speed.  Tlie 
routine  does  not  in  Itself  provide  target  speed  or  course,  but  the 
range  so  obtained  car  be  used  for  torpedo  sorei-  ’  -fire  calculations  or 
as  an  input  to  the  other  routines.  Range  Information  early  in  the 
tracking  period  is,  of  co'.irse,  extremely  helpful  to  the  operator  for 
deciding  on  the  subsequent  action.  Suppose,  for  example,  the  bearing 


CONFIDENTIAL 


CONFIDENTIAL 


and  bearing  drift  of  a  contact  indicates  a  possible  threat  to  the 
mission,  the  quick  ranging  routine  could  be  employed  to  determine  If 
the  target  is  v.’ithin  torpedo  range  or  WIBROC  range.  Ftirthemore,  sup¬ 
pose  the  resuith  indicate  a  STOROC  range  and  extreme  urgency.  Active 
single-ping  techniques  could  then  be  used  for  obtaining  the  precision 
range  needed  for  SUBROC.  The  localization  information  needed  to  fire 
would  thus  be  obtained  in  a  much  shorter  time  than  is  required  to  ob¬ 
tain  the  Mode  2  solution  described  below. 

Mode  2  analysis  provides  target's  range,  course  and  speed  from  bearing 
information  and  any  other  information  which  may  be  available.  This 
solution  is  ordinarily  more  precise  than  that  obtained  from  relative 
motion  analysis,  but  has  the  following  disadvantages: 

1)  more  time  is  ordinarily  required  for  the  solution 

2)  no  output  is  pz’ovldeu  unless  own-ship  zigs,  or  a  range, 
course  or  speed  estimate  is  entered. 

The  basic  least -square  equations  used  in  the  Mode  2  routine  are  similar 
to  the  MK  Hi  tmirn  equations  except  in  the  following  respects: 

1)  the  bearing  pre-smoothing  technique  (necessary  to  reduce  the 
inherent  bias  in  the  least-square  process)  has  been  improved. 

2)  speed  can  be  enteied  separately 

3)  estimates  of  range,  course  or  speed  are  entered  along  with  aii 
uncertainty  interval  to  provide  the  best  solution  based  on  the 
estimate (s)  and  the  bearing  Infomation. 

Items  1  and  3  above  serve  to  Improve  the  resulting  solution  whereas 
item  2  provides  additional  flexibility. 

Both  relative  motion  analysis  and  Mode  2  analysis  are  valid  only  over 
those  portions  of  the  target's  track  which  consist  of  uniform  recti¬ 
linear  motion.  In  order  t^  enable  the  man  to  determine  if  such  ana¬ 
lysis  is  valid,  a  zig  detection  routine  is  necessary.  Short  range  zlg 
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detection  can  be  accomplished  through  a  visual  Inspection  of  the 
bearing-time  :urve.  ^nations  have  been  developed  for  long  range  zig 
detection  out  to  SUBROC  ranges.  Some  results  of  the  long  range  zlg 
detector  are  giver,  in  reference  (i).  Intemediate  range  (about  5  to 
10  miles)  zig  detection  is  currently  being  investigated. 

Current  efforts  are  being  concentrated  on  obtaining  the  mean  course 
and  speed  of  advance  of  a  zigging  target  (a  target  which  is  employing 
evasive  maneuvers).  Zlg  detection  represents  the  first  step  in  this 
direction.  Relative  motion  analysis  coupled  with  a  speed  estimate  and 
the  zig  detector  can  be  used  at  the  shorter  ranges.  The  fire  control 
operator  simply  generates  t!ic  target  trade  (presented  on  the  geographic 
display)  through  the  jse  of  the  relative  motion  routine,  resets  the 
relative  motion  analysis  at  each  point  where  a  zlg  occurs  but  retains 
the  entire  track  so  generated.  The  separate  legs  of  the  target  track 
generated  in  this  mariner  will  be  somewhat  scattered  due  to  the  statls- 
Ical  behavior  of  the  original  data  and,  In  general,  the  seatter  will 
increase  with  range.  As  a  result  of  this  latter  situation  this  ap¬ 
proach  will  be  useful  only  at  short  ranges. 

9.6.2. 2  Present  Status  With  Respect  to  Ballistic  Solutions 
Equations  have  been  developed  for  the  calculation  of  the  optimum  fir¬ 
ing  angles  for  one  to  four  acoustic  torpedoes  using  the  results  of 
relative  motion  analysis.  Pour  cases  have  been  considered  in  which 
the  quality  and  amount  of  data  varies.  The  quality  of  oearing-rate 
from  relative  motion  analysis  is,  for  example,  a  function  of  the 
tracking  time.  The  cases  considered  are  as  follows! 

Case  I  Bearing-rate,  Bearing-acceleration  and  target  speed 
Imown,  but  with  uncertainty. 

Case  II  Bearing-rate,  Bearing-acceleration  known,  but  with  un¬ 
certainty;  target  speed  less  than  some  upper  limit; 
range  greater  than  some  lower  limit. 

Case  III  Bearing -race  and  target  spe  d  known,  but  with  uncer¬ 
tainty;  range  greater  than  some  lower  limit. 
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Case  IV  Bearing -rate  known  j  b\it  with  uncertainty;  target  speed 

less  than  some  upper  ;.imit;  range  greater  than  some 
lower  limit. 

in  all  of  these  cases,  allowance  has  been  made  for  the  target  which 
attempts  to  evade  the  torpedo  in  the  event  that  the  torpedo  is  de¬ 
tected-  prior  to  impact. 

Future  efforts  in  this  area  will  be  cevoted  to  the  addition  of  the 
case  in  which  range,  course  and  speed  are  given  and  the  cases  will  be 
extended  to  include  torpedoes  with  both  wire  guide  and  acoustic  capa¬ 
bilities. 

The  torpedo  input  equations  supplied  in  the  next  section  represent 
equations  suitable  for  use  in  the  situation  w  're  a  single  torpedo  is 
to  be  fired  at  a  target  v/lth  a  known  range,  cou-se  and  speed,  Ihese 
equations  do  not  make  use  of  the  results  of  the  above  described  equa¬ 
tions  which  greatly  extend  the  conditions  under  which  torpedoes  can  be 
fired.  The  inclusion  of  the  torpedo  input  equations  was  primarily  for 
the  purpose  of  computer  requirement  estimation.  It  is  not  likely  that 
the  extension  of  the  equations  to  Include  the  optimum  firing  angle 
techniques  will  greatly  affect  the  computer  requirements. 

Equations  for  SUBROC  inputs  appear  as  presented  in  reference (s) .  No 
changes  are  anticipated  in  these  equations  at  this  time. 

9.6.S.i  Present  Status  With  Respect  to  Solution  Quality 
Equations  have  been  derived  for  torpedo  hit  probabilities  associated 
with  the  four  cases  above.  This  work  will  be  extended  to  include  the 
case  where  range,  course  and  speed  are  known  and  for  the  combination 
wire  g'uidc  and  accstle  torpedo  when  used  in  either  the  corrected 
intercept  mode  or  the  bearing-rider  mode. 

Tne  SUPROO  hit  orobabillty  equations  appear  as  in  reference  (3). 
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9.6. 2. 4  Computer  liiipil cations 

oiie  preceding  general  descriptions  of  Mie  present  status  of  the  quanti¬ 
tative  information  pwcessing  techniques  have  shown  that 

r)  there  is  a  large  variety  of  processing  techniques,  Inputs  and 
outputs  not  all  of  which  will  be  applicable  In  a  given  situation. 

2)  the  development  of  new  Improved  processing  techniques  Is  at 
a  rapid  pace  with  no  Indication  of  a  slowing  down. 

The  Implications  are  that  it  would  be  extremely  desirable,  if  not 
necessary,  from  the  fire  control  aspects  to  have  a  processor  and  asso¬ 
ciated  input -output  which  is  flexible  in  the  sense  that  it 

1)  readily  permits  the  operator  tc  call  for  routines  appropriate 
to  the  immediate  situation 

2)  allows  for  the  addition  of  new  and  improved  routines. 

9.6.3  Equations 

9.6. 3.1  Bearing  Pre-smoothing  (used  in  Mod''  2) 

A  sequence  of  bearings,  D^,  are  observed  at  times  t^^  These  bearings 
are  averaged  over  time  inter/ais  to  produce  a  sequence  of  "smoothed" 
bearings.  The  minimum  nianber  of  bearings  averaged  is  N.  The  maximum 
length  of  the  interval  is  determined  by  one  of  two  criteria,  namely, 
occurrence  of  significant  curvature  within  the  interval  or  a  maximum 
time  permitted  for  an  interval.  The  processing  consist'’  of  the 

following  steps!  if  t„  -  t„  >  T„„„,  compute 

n  O’”  lllaA 

_  1 

"  ■  I  .1.  % 


use  t,  B  as  the  smoothed  bearing  for  the  interval  and  start  a  new  in- 

tor'/al  uairj  1;  t  )j,c  r.nv:  Intoi'val.  (.'Jince  the  smallest  number 

no 

of  bearings  averaged  is  1!,  no  t'rsting  of  (t^  -  t^^'  is  done  unless 
n  >  M) . 
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if  (tj^  -  t^)  <  bearing  data  are  tested  to  see  ii'  significant 

curvature  exlstSi  This  is  accomplished  by  fitting  a  second  degree 
poiynpminal  to  the  data  and  testing  the  magnitude  of  the  coefficient 

p 

of  the  t  tern  as  follows: 

The  polynomial  to  be  fitted  is 
B  =  a  +  b  (t  -  t^)  ^  c  (t  - 

The  coefficient  c  is  detennlned  by  solving  the  equations 

n  o  ^ 

a{n  +  3)  +  b  2  (t,  -  t  )  +  c  2  (t.  -  t^)*^  o  2  B4 

1=0  ••  o  loo  ^  °  Ibo  ^ 


•iL  ">  ■  ‘o’  * ‘if, 

=  2  B^  (t,  -  t^,) 


2  (t.  -  t  +  b  2  (t  fc  ri  +  c  Z  (t.  -  t„)' 

i»o  ^  °  i=o  ^  °  1-0  ^  ° 

»  2  B^  (tj  -  t^)« 

1*S0 


for  c.  Then  compute 

C3,  (n  +1)^1^  (t^  -  t^)2  (t^  - 

where  |  A  |  is  the  determinant  of  the  matrix  of  coefficients  of  a,  b, 
and  c  in  these  equations.  Next  compute 

=  c%,  o2  B 

where  o^g  is  the  variance  of  the  observed  bearings  (assumed  constant 
for  the  preseiit,  wl:h  provision  to  enter  a  new  value  through  the  con¬ 
sole  if  desired). 
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if 

where  K  is  preset  constant,  the  bearing  data  does  not  have  signifi¬ 
cant  curvature  and  a  new  tj^,  Is  added  to  the  set  of  data.  If, 
however, 

a^/6<K 

for  three  consecutive  tests,  the  data  has  significant  curvature  and 

_  1  n 

B  «  ^  2  B. 

"  1-0  ^ 

F  «  i  E  t, 

are  computed  as  the  smoothed  bca.i..,j  !'*■?  ‘■‘'c  interval  to  be  used 

in  the  Mode  2  solution  and  a  new  Interval  is  started  using  t^^  as  t^^. 

The  raw  bearing  input  rate  is  one  bearing  every  one  or  two  seconds. 

The  minimum  number  of  bearings  smoothed  is  ten  (N=10).  The  maximum 
number  smoothed  is  1'’0  to  "’1)0  (T_„„  «  t  min.)  Thus  the  maximum  output 

HliiA 

rate  of  pre-smoothed  bearing  to  Mode  2  is  one  every  10  sec.  and  the 
minimum  rate  is  one  every  four  minutes. 

9. 6. 3. 2  Linear  Zlg  Detector 

The  raw  bearings  from  t^  to  t^^  are  fitted  by  a  straight  line  using  the 
least  square  principle.  The  line  fitted  is 

B*  =  a'  +  b'(t  -  t^) 

in  which  a'  and  b'  are  obtained  by  solving 

r.  n 

a'(n+l}  +  b'  2  (t,  -  t  )  =  E  B^ 

i=o  ^  "  1=0  * 
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a'  .S  <t  ^  t  )  +  b'  "  (t  -  t  s  B.(t  -  t 
i=o  1  o  l£o  ^  °  1=0  ^  ^ 


Predicted  bearings  in  the  interval  through  are  obtained 

by 


B* 


(n+k+j)  ^*'n+k+J  “  ''o^  J  -  1»  2,  ....  p. 


Matrix  A  i? 


1 

^  n  +  1 

B  (tj^  -  t 
1=0 

A  =  1 

1  " 

n 

\  (“1 
'i«=o  ^ 

-  V 

^  (bi  -  to' 
1=0  ^  ° 

and  its  lnver.se  la 

/  °'ii 

c'  ' 

°  12 

A-'  =  j 

y  °'2i 

°  22 

Then  compute 

^  2 

Op  -  Og 

(c-jiP 

t  i  2C 

where 

P 

T  =-  ? 

1=0 

and  p  is  the  number  of  predicted  bearings. 

12" 
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Define 


P 

£ 

•  i=i 


^®*r+k+l  “ 


X  ^  V°P 


The  probability  of  zlg,  P^,  is  given  by 


=  l  - 


(1  +  0.2X  +  0.12X'‘^  +  0.2X^) 


4,** 


The  quantity  is  eomputed  every  At  sec.  until  l^n+k+p"^n+k 
some  criterion 

Presently,  At  =  10  sec.  and  At„^^  =»  1  minute.  When  At^^^  Is  reached, 
the  data  for  the  interval  t^^^j  through  t^^j^  are  added  to  the  sums  for 
the  Interval  t^  to  t^  and  the  process  Is  repeated  with  the  new  pre¬ 
diction  Interval  starting  at  (Note  that  Intei^val 

through  Is  Atjjj^j^  in  length). 

9«6.3.3  Quick  Passive  Ranging 

Own  ship  travels  on  a  straight  leg  from  t^  to  t^  then  changes  course 
and/or  speed.  The  t'..'o  straight  line  least  square  fits  from  the  linear 
zlg  detector  are  used  to  obtain  tne  quick  passive  i-ange  by  solving 

U  sln  [cOi  -  V(t^)]  -  U  sin  [cOg  -  B^^t^)] 

R  B  — i - s - 

b'  -  b' 

2  1 

wh.ere  «  own  ship  speed 

=  own  ship  course 

and  the  subscripts  1  and  2  refer  to  first  a».d  second  leg  of  own  ship 
track. 
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9,6<3;4  Relative  Motion  Analysis 

During  the  straight  lino  course  between  -siigs  the  relative  motion  ana¬ 
lysis  yields  infosSnatlon  about  the  target  ship  course.  Ail  current 
bearing  data  for  the  lag  arc  utilized  in  the  computations. 

The  bearing  data  are  fitted  by  a  second  degree  polynomiai  of  the  foim, 

O 

B*.a  +  b  (t  -  t^)  f  «  (t  - 


Ubihg  the  least  square  priheipie.  The  hpoBal  equations  are  AX  «  d 
where 


^  ,1 


n-  h  ,  s  V 

iio  '  °  iiio  ^  ° 


n  «  n  o  n 

(ti  =  t  ^  B  (ti,  =  t-)*^  f.  (tj, -t:)^ 
iao  ^  0  iob  ^  °  i-6  ^  ° 


.  ^  (tj  -  t  2  (ti  -  tt )  ^  ,2  (t.  -  tg) 


,  n 


i4. 


i»o 


iwo' 


X  i 


a  \ 

•b' 

■  c 


and 


/  2 


2  B; 


i»o 


n 

s 


2  %  {t  j  -  tg) 


n 
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The  sums  are  taken  over  the  entire  time  Interval  of  the  ourrei.t 
straight  line  course  of  the  target  .,hlp,  Tliese  equations  must  be 
solved  for  a,  b,  anrl  c.. 

'fhe  current  bearing  (at  time  t^)  Is  given  by 

=  a  +  b  (t,  .  t-)  +c  (t^  ^  t^)2 

the  bearing  rate  by 

B*^.  -  b  +  20  (t^  ^  ,t^) 
bnd  change  In  bearing  rate  by 


«• 

B*g,  «  2c 

Relative  angle  oh  the  bow  at  time  t^  is  given  by 

K  ,a(t^)  B  B*.  -7  a  +  arbtah  {h^/6) 

tlie  quadrant  for  a.  is  dete, mined  by  anblysis  of  the  sighs  of  band  cj 

•  C 

ihe  current  bearing  bearing  rate  B*^  and  relative  angle  oh  the 
bow  are  displayed  on  the  Plre  Control  Console  In  the  iocailzatloh 
sect 1 on i 

Mlhlmum  target  speed  is  given  by  the  following: 

q  »  Cq  -  a  +  arctah  (b^b^ 

If  7f/2  C  q  <  37r/2,  then, 

min  o 

otherwise  ^jhin  “  I'  sin  q :j. 
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Given  u  speed  estimate  U^.,  the  targets  I'angti  anti  course  can  tv  founr) 
from  the  foilowlne: 

i1  =  -  a  +  arctan  (h'/i?^ 

tj  =  (J-l'.'’'  +  arcsih  MlQailn 

if 

(a)  0  <,  r(  <  tr/S  or  n  <  2t 

and  If  thef  J'  ^  1  and  2i. 

^  * 

(b)  and.  If  .or  h  u^,^. 


then  J  «  i 

if  ’r/2  <  r]  <  Irr 

■then  ,i  >».  1 


in  aii  cases 

Target  course  and  range  are  obtained  from 


aiid 


’ 

Cj.  j  >=  T  -  7.  +  a  -  arctan  (bvcJ 

“V  J 

RjCti  »  (c^  +  b‘*)-'^^(b  +  c  t-t^  ) 


in  which 

Uj.-.  (uf  +  u|  ^  2y.u^c63  (c^j  » 

Given  a  range  estimate  R„i  the  target  speed  and  course  can.  be  found 

1  ^  ~  .  “■  -  V,  V  , 

from  the  following: 
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The  range  eattmate  is  designated  l>y  and  the  time  of  the  esti¬ 

mate  by  t„„  Target  speed  is  obtained  from 

1 

i 

in  which 

f 

U^(tg)  «  U.sln  jc^  -  B(t.)J  +  y  b  +  2c(t^  -  t-)J 

j . 

and  P  i  - 

} 

( 

1 

Uy(tg)  -  U^cos  R^C/|b  +  6(t^  =  t^)j 

f' 

Target  course  la  obtained  from 

1 

i 

%  «  B(tg)  +  arctahfUj.(t^^)/Uy(tg)l 

1, 

{ 

i 

and  range  at  any  time  (t)  is  obtained  from 

. 

R(t)  =  Rg  |^(b  +  c(t^  -  t^^)j/jb  +  c(t  -  t^^j 

• . 

ibe  "Change  in  bearing  rate"*  Aff,  is  used  by  the  operator  to 

! 

! 

? 

assist  him  in  making  his  decisions  about  target  motion. 

Aff  is  given  by !' 

•  V  J+N  . 

<®i  -  -’=1-1^ 

( ■ 

1 

whei's  N  is  held  constant-.  %U3  S',  is  ah  average  bearing  rate 

.  J  • 

over  the  InteiVal  tj_|^j  through  tj^^^  and  ABj  is  the  change  in 
bearing  rate  as  compared  to  the  preceedihg  ihteri’jal  through 

i'  ’ 

i  ! 

^J+1. 

'  1- 
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Bearinf!;s  used  in  the  Relative-  Motion  Analysis  are  those  provided  by 
SuWeiliance  processing.  The  Relative  Motion  Analysis  Is  performed 
for  legs  of  the  target  track  which  are  stralgiit  lines,  the  end  of  one 
leg  and  beginning  of  another  being  defined  by  the  Zlg  Detector  calou'^ 
iations  described  previously.  The  Fire  Control  Console  has  provision 
for  the  operator  to  enter  additional  data,  needed  by  Relative  Motion 
Analysis  arid  displaying  the  results  of  the  calculations  i 


9. 6. 3. 5  Mode  2  Solution 

.The  Mode  2  solution  results  from  solving  a  set  of  least  square  normal 
equations  in  which  the  elements  of  the  matrix  contain  contributions  due 
to  observed  bearings,,  estimated  range  and/or  speed,  and/or  course  and/6'r 
range-rate,,  and/or  continuous  range.  The  normal  equations  are 

Ax  «  d 

where  /  .  ,  \ 

.  ^11  ^12  ^ 

.  ®2i  ®22  ®24  , , 

A '  ' 

‘^'^1  ^'<2  ^3^  ^34' 

.^^41  ^42  ®43  ^44- 
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^  '’i,i  +  c 

i  J  Ij'J 

^12  ”  *21  '  I  h,i^2.i  •*•  fPl.JP2.  j  +  ^^1^2 


*13  -  ^31  “  f  HaSil  +  ,f  Pl.,  JP3,v|:  +  ^^1^*3 


a 


H4  "  ^l:  “'^23  '"  a32.-  f  ’^2,l'^3.i  +  ^^2, 


a>>5  “  ?  :  +  v% 


1  J 

*22  ”  t  “2il  -"t  ^  2d  ■ 

*21*  "  ^2  "  f  ^2iiS,l  |P2,JPH,  J  +  "^^4 

*33  "  f  ^3ii  +  fP3.fj  ^  “3^  +  V  '*•  * 

^34  “  ai,3  -  I  N,,i%,i  +  Spj.  jpj,^  j  +  r^ri,, 

*it4  "  ?  '"4.1  +  ?P^i»;.i  *  * 


i  4.,i  ^  |P  i»ij  *^4 


X  ■■• 


^4 

Ag 

A;,, 

J 

v^n: 


is  the  vector  of  uhUhownsi  and 

/  A 
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where 

di  s  ^  r^p  +  a^y 

^  J 

dg  =  +  r^P 

‘^3  "  f3,i“l  +  f -3.3^3  ■"  *‘3’’  +  '’3P  +  ^3^ 

-  f  4.l“l 

The  aouroe  of  the  various  terms  contributing  to  the  coefficient  a^j 
and  dj  ares 

b'.'ijd  from  pfe-anioothed  bearings 

r'a,p  from  oatlmatod  range 

s’s,v  from  estimated  speed 

d'Sj  from  estimated  ccurse 

p's,§  from  continuous  range  observations 

ii'a>'n,  from  range-rate 

Ihe  irictividual  cohtribxitiohs  of  the  various  types  of  constraints  to 
the  normal  equation  coefficients  are  kept  separately,  so  that  solutions 
for  different  combinaticrs  of  constraints  may  be  obtained.  Nonnai 
equations  for  solution  of  up  to  four  tai’gets  are  maintained  simultahe- 
dusiyi  After  the  normal  equations  are  solved  for  A'^,  A^,  A^.  and  A^ji 
the  target  parameters  are  determined  at  time  t  by 

R  =  |(Aj,  I-  A,t-X)^  +  (A^  +  Ajt-y)^  j 

C'«  arctan  (a^/A^) 

S-S 

%  “  At  +  A^t  ^ 

^2  ■"  "  * 
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where  X,  V  Is  ovm  ships  position  at  time  t.  Wie  errors  in  shcoe  par’a 
meters  arc  given  by 


B 


Og  =  constant  «  otandai^  deviation  of  raw  bearings 
O-c 


«y  °44' 


S 


||A^4cii  +  a2c,^3  +  2  A^A^Ci^j, 


.,..,°.B. 


°  +  A,2 


A3Si  +  Ai^d,.  ^ 


1/2 


where  the  Oj^'s  are  lements  of  tho  inverse  matrix  C  o  A""^ 

Contribution  of- the.. Pre -smoothed -Bearings,  to.  Noiroal  Eduafcions 
TOe  pre-smoothed  b'^aring  data  are  of  the  fom  t^*  -Bj,,  nj^i  where  n  is 
the  number  of  values  that  were  averaged  to  obtain  t"  and  ff.  "nielr 
contributions  to  the  noreial  equation  coefficients  are 

Wgj  «  h, 

h.l  5^ 

^2,i  “V^^COB 

'"’Sii  ®1 

hii  “^'^Jsin  % 

®i  (Yjsih  ~  -XjCos  S^  ) 

where  X£,  is  own  ship.}  position  at  time  Fj. 
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Contribution,  of  Estimated  Range  td  NVi-mai  Equations, 

If  an  estimate  of  the  range  is  available  at  time  t, ,  the  contfibu- 

'W  '  w* 

tJons  to  the  honhai  eq>'.ati6n3  ah) 


Op  »  manually  entered  estimate  of  tlio  standard  deviation  of  R 

Rg  ,  -  e 

%  '^Vb  ^®-Re^ 


r^  "V^ljtgSin 

^3  V 


where  Xg,.  is  own  ships  position  at  time  t^  and 


Ai  +  A,{tg  -  X 

B/  «-arctah,^#:;7^^:  -r-g  . 


is  oomputed  using  Ai,  A^,.  A-^,  AjJ  from  the  .previous  solution  of  the 
normal  equations.  It  is  riecossatv  to  iterate  the  solution  until  the 
change  In  B*^  is  insignl’f ioaht i  About  four  iterations  are  required 
for  convergence.  The  value  of  B*,,  used  oh  the  first  iteration  can  be 
a.  liherly  Interpolated  or  extrapolated,  bearing  obtained  f rem  the  pre- 
Sripothed  bearings  ,- 

Contribution  of  Estimated  Speed  to  Ndmal  l^uatiohs, 

if  ah  estimate  of  the  speed  is  available  the  oontrlbutlohs  to  the 
normal  equations  are 


37C>. 
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»  manualiy  entered  estimate  of  the  standard  deviation  of  S  , 

S©  ‘6 

^  “se^*  P  **  constant^ 

C»/2,  S3  =»'V?3  sec  .(^/g 

Y  ^VlSe 

where  C*  is  computed  from 

.C»  w  arotan  { A|‘  /  A^) 

and  Ai*.  A|  are  obtained  from  the  previous  solution  of  the  npimal  equa¬ 
tions.  It  is  necessary  to  iterate  the  solution  until  the  change  in  C* 
is  insignificant.  About  four  iterations  are  requl3?ed  for  convergence. 
Ihe  value  of  C*  used  on  the  first  Iteratlpu  can  be  estimated  from  some 
prior  solution  of  the  no imal.  equations.  (Even  an  artificial  solution), 

Cdhtrlbutlpn  of  Estimated  Coufep  to  Noriiial  Equations 

If  an  estimate  of  the  course  is  available,  the  contributions  to  the 
normal  equations  are 

'’ye  ^  waniiaVJy,  entered  estimate  of  the  standard  deviation  of 
”3  ”  '%°D/'3e''^'  h  “  «=^-"tant, 

^VWcCos  Ce 
c|  'sW^sln  Cg 

tontrlbutipns  of  Continuous  Range  Measurements  to  Normal  Equations 

If  continuous  measurements  of  the  range  Rj  and  bearing  are  available 
(sampled  at  discrete  times  tj)i  the  contributions  to  the  npi^ial  equa¬ 
tions  are 

Co  “  .Tianually  entered- estimate  of  the- standard  deviation  -  of -R 
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where  X^,  Yj,  is  own  ships  position  at  time  t^. 

Contrlbubipns  of  Estlma'teil  ltenge-R«te  to  Nortnal  Sqnatiohs 

if  ah  estimated  rahee--rate  R,  is  available,  the  oontributlohs  to  the 

^  »V 

hbmal  equations  arej 

q^j  t:  manually  entoryt  esslinate  of  .  «  standard  tloviabloh  of  R 

hi  "■\/W,3lh  Bjj  obtained  from  active  sonar 

hg  «-\/V^eoa 

>1  sV^(x.,sin  ^  Y^cos  \ 
where  Xj^,  are  ow"  sf.ip  vetoolty  Oompohents. 

Consort  Dpoi'atior.s 

Consort  ooservations  of  the  target  incluQe  wearing,  time.,  and  if 
available,  range  aiu  range  rate.  These  data  are  eintered  into  the 
Ciiurn  solution  as  additional  data  and  thus  are  included  in  the  normal 
equations  as  thovi.vli  thej  had  been  observed  by  own  ship. 

Since,  the  Xj  Y  position  cf  the  consort  is  required*  *"ho  range  and 
bearing  to  ov;n  ship  from  consort  are  transinltted  to  neTW’it  da,cuiatioh 
of  the  consorts  positicni 

rr 


-1 


\l, 


I- 


11 


i 
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9.6. 3,7  Spread  Plie  Caleuiafclons  ai.u  Toipedo  Hit  Probabilities 
In  order  to  evaluate  the  assignment  of  a  torpedo  to  a  target  it  Is 
necessary  to  calculate  the  kill  pi’obablllty.  A  salvo  of  up  to  four 
toi^edoes  can  be  fired  at  a  target  and  the  firing  angles  and  asso 
elated  kill  probabilities  must  be  knovm. 

!^ese  calculations  vary  depending  on  the  mount  of  data  available.  In 
some  cases  the  target  speed  la  Iwown  while  in  others,  only -ah  upper- 
limit  on  the  speed  la  known,  Slmilarlyi  the  range  may  be  known,,  or 
only  ah  estimate,  of  the  minimum  rahge  may  be  khowh. 

The  foir  Cases  considered  aror 

it 

Case  I  B  ar.d  «  target  speed,  known  with  error. 

Case  .  II  B  known  with  error,  less  than  some  upper  limit  'S^^, 
R  greater  than  some  lower  llihit  R. 

Case  III  B  Unknown,  known  with  error,  R  greater  than  some 
lower  limit  R. 

Case  I'V  B  Unknown,  S,j,^  less  thah  some  upper  limit  R 
greater  than  some  lower  limit  Ri 
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Case  III  ai,  Sj  and  iij j  as  In  Case  I 


«!  »[  (i  -  |)7i/nj  sifcii  B 

Py  *|.»[  *  \h 

*u/,j  +  P3H,]]|«ij  ■  K.I,, 


Case  IV  n  as  In  Case  I. 


a^  as  In  Case  III 

S  to  S^gCOs  B  sign  B  (if  S<  6,  set  S  »  o) 

Sj  ¥  S  +  (J  -  !•)(?  -  S)/n 
Uj  *  as  in  Cas'j  1 

Rjj  ”  ^ij 

Pining  ingiosi,  Bj  are  d‘.''iemined  by  solving 

T  MijOln  «  (T  +  A)  S,j,QSlnP 
Rlj  -  t  UjjCoa  dj  a  ,(T  +  A^S,j,qc6sP 

for  T  and  0  at  the  points 

(ajb^  «  Mil)  M,n',{n,D,(n,h),M  +  PiFj,  1  +  PiPp). 

liie  torpedo  speed  «=  -SjjgSln(B  +  p)  +"^^Spg8ln(B  +  p)j  ^  ^  ®ob^ 

where  S,J,q  Is  the  approximate  torpedo  speed  arid  is  the  corrected 
torpedo  speed.  liie  equations  for  Ti  p  must  be  re-soived  using  the 
corrected  torpedo  apeed  arid  the  new  p  used  to  get  a  new  corrected  tor¬ 
pedo  speed.  Tliis  cycle  Is  repeated  until  and  p  are  stabilized. 

The  time  of  the  targets  decoction  of  the-  top^jedo,  t^,  Is  found  by 
soivlng 


CONF'bENTlAL 


CONFIDENTIAL 


X^j(fc)  =  t{uj^jS.tn  ctj  -  Srpjjsin 

Yij(t)  =  %j.  -  t(uj.jCOs  +  S^qCOs  p^,^) 


for  t:  where 

D  «  detection  distance 
^ab  ”  firing  angles 

Anaiyals  of  tho  tvfo  roots  obtained  Indicates  where  the  torpedo  -can  ao 
quire  the  target. 


The  time  at  which  target  starts  evasion  mahexiversi  t.,,  is  given  by 


At 


^TA 


Acquisition  in  tho  Intei'vul 
following! 


<U0  -  §Si]/(lOO§)  *tj, 
6  <  t  <  tp  is  detennl 


s  tp  +  At 

ned  by  solving  the 


X(6)  ti  Xj  «  0 

y(0)  «  B  Rjj 

X(bj.)  =  Xg  B  *^r('‘ij3in  a,  = 

Y(tj.)  S  Yg  a  R^j  -  (ujjcos  dj  +  %o°"“^ab^ 

Simultaheousiy  solve 

y  “  [(Xg  -  yi)(x  -  Xj>/(Xg  =  Xjij  +  yj. 

with 

x^  +  y^  s  (p')^ 

,R>r  roots  x',  x".  If  x'  or  x"  lies  between  X,  and  X^  solve 


+  y. 
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simultaneously  with 


and 


y  X  cos  -  y) 

y  ■  X  cos  +  y) 


to  detemine  If  there  la  an  Intersection  In  the  range  Xj  to  Xg.  If 
hot,  find  y',  y"  from  x',  x"  and  test  further  by  determining  If 


(p')‘  sin  iy  ■  y'alh  -  7)  -  x'eos  -  7)j  j^x'sln  (p^,,  +  7) 


+  y'eds  (Pj^jj  +  7) 
-  y'aih- (p^^  +  7) 


+  I  xioos  +  7) 

j^x'Blh  (Pj^  ;  7^  +  y'oo“  (P»b  ■ 


or 


x'sln  (p^^  ^  7)  +  y'cos  (p^^j  -  7)  ^  0 


where  x'i  y'  are  the  roots  of  the  solution  of  the  quadratic  equation 
above.  A  similar  test  is  applied  to  x",  y".  Acquisition  In  the  Inter¬ 
val  t^  <  t  <  tp  is  detennihed  by  the  following « 


If 

omit  the 


tp  ■  time  at  which  torpedo  Nel  runs  out 


r(t)  ■ 

106  ST  (t-t 

D  -  • 

►  a„  (116 

■-  2^  -  25W 

Xc(tp) 

-  x(tp  - 

X.^{tj^) 

»  X^(t^)- 

-  y(tji)  - 

1 _ If 

■  y^o^^r^ 

^tm  "  ■ 

"c  '*  r(tp)  (2J  -  1  - 

K)A 

^c  +  ^  " 

K)A 

l,m  M  1,2,.., ,K 

^0^^  +  ^m  -yc^^ 

>-  r(tj  ® 

> 

point . 
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These  computations  are  perforinecl  for  each  of  the  five  firing  angles  to 
detemine  the  number  of  intersections,  then  the  acquisition  probabil¬ 
ity  A(i,j)  is  detoimined  by  the  ratio  of  the  munber  of  intersections 
with  the  cone  of  target  posltiuns  to  the  possible  intersections  before 


%• 

Also  compute 


the  best  firing  angle  is  deteitnined  by  analyzing  the  fiye  selected 
firing  angl.ea.  thbse  angles  are  sorted  acoot^ihg  to  size  so  that 

bi  <pg  ''pjj 


Divide  the  curve  of  a(d)  vs.  p  into  +  1  sections.  Choose  at  random 
an  integer  0  <.  H-j^  <  Then  compute 

0  »  (Hj  )•  1/2)/(H2  +  1) 

tetennine  0y^,  an<i  swch  that 


where 


Let 


j■A(p^,)  -  A(p^,;^) 

is  the  integral  to  0^ 

^1  =  (Ajii+i  - 


The  optimum  firing  angle  p'  is  given  by 


-  a 
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■where 

■^1  "  2^' 

■^2  ^ 

^3  "  ■  ''h'^  ■  ~  ^hy'^% 

Fnr>  fl  suoceaslve  torpedo  in  the  salvo,  the  same  .oaloulatlons  must  be 
performed  except  that  all  times  are  referred  to  the  firing  time  of  the 
first  torpedo.  Those  portions  of  the  computations  aifeady  done  for 
preceedihg  torpedoes  need  not  be  repeated. 

9, 6.-3. 8  SUBROC  kill  Probability 

The  kiii  probability  for  STOROC  is  given  by 

where 

0  la  the  distribution  iSinofion  of  a  variable  having  zero  mean  and  unit 
standat^  deviatidhj, 

k  =  kill  radius  6f  mls.sile 
0  «  error  in  target  range 

9. 6. 3. 9  Ballistic  Equations 

After  a  weapon  has  been  assigned  to  a  target  it  is  heoessary-to  opmpute 
the  functions  which  must  be  set  into  the  weapon  to  direct  it  to  the 
target,  in  the  case  of  preset  torpedoes  these  calculations  arc  done 
opiie  and  the  weapon  fired,  Wire  ■^Guided  torpedoes,  in  the  intereept  mode 
require  calculations  similar  to  the  preset  torpedoes.  When  the  .target 
maneuvers  and  the  W/G  torpedo  course  must  be  changed,  the  computer  must 
deteiinir.e  corrections  which  arc  then  automatically  transmitted  to  the 
torpedo.  V/ire-rduided  torpedoes  fifed  in  the  Bearing  Rider  mode  require 
that  corrections  be  computed  continuously  and  transmitted  to. the  tor¬ 
pedo.,  SUBROC  requires  contliiupus  calculations  prior  to  fifing,  lut  no 
calculations  after  fJr.lnr; 
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9.6. 3.9-.  1  Preset  torpedo  equations 
Constants;  j(Uji  Y^.. 


si*'  ^yp’  •%'  '^d'  ^do'  ^dn’  ^vd’ 


input.  Vari-ibi'es':  Rj^  »  range  to  target 

P  i»  itiS  r.a‘THn*\.  ! 


B  bearinfi  c6  caiff.eL 
C^j  &  target  course  • 

•=  target  speed'  / 

^y2  ”  iatlfcv.de  of  firing  | 

o  om  ship  course 

H^o  “  ■■’fc'fcP  depth  ; 


Hym  “  fcdj’Pe^^P  vun  depth  (target  depth) 


from  Fife  Control 
oaicuiafciohs 


from  Navigation 
computations 

,  \ 


“q^'Ya^  ”  enabling  r’an  offset 
8^(q)  “  angular  spread 
H6y  w  linear  spread 


manually 
)  entered 
j-  .quantities 


Olifcput  Varlabios' 


H  .  B  torpedo  run  depth 

Vm 

G  B  gyro  angle 

o,(H^)  “  Com.  torpedo  path  length  (run  to  burst) 


Preset  Equations! 


X;  B  B  By  . 


2.  ■=  1800  ^  (C.,  ^  By) 

3i  G  ?i  Bjjg  +  B  -■  I  sq(a> 


Hvg  %o  '^  Pvo 

'^vmg  ~  "  ^vg 


(Assume  =  0  for  first  iteration) 
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”vTnE^.j 

5.  Zx  m  P^^aih  B  -  Pj„d03  B  +  I^j^sln  (B  -  B^) 

\'«03{B  -  Bg)  +  y^'coB 

6.  >'.y  ii  ^  -  P^^coa  B  -  P^^sln  B  -  R^^coa  (B  -  B^) 

■  ""'m  “i”  (B  -  V  -  ^6  "{(BMh,)  (Tgg) 


+  (Hg^)jc68  B^.- 


*Vi26p  “  8i«  Bb6  +  o®»  V  ■*■  A3  +  ^  rro"  ® 

°  "  «m26p  +  S'!  A^ 

”^o.{H^)  " 

26  Cr-^  JdJ^)  +f. 

12.  e(^g)  »  2x  COB  B,,g  ^  ty  aln  ^g  +  c(l\„)|  -(DppXTj) 

+  |=T26>«(8ln  ^  61n  i^g)  j 

13.  Let  Bgg  ■  ^g  -  e(B|^g)  and,  start  next  iteration  with 
aquation  3. 


CONFIDENTIAL 


CONFIDENTIAL 


9.6. 3*9. 2  Vi/O  torpedo  equations 

Constants:  5{\).  Y',  Sj(H„) 

V  ^do'  l^dn'  Bq,  P,o 

Tnput  Variables: 

Kj^  «  range  to  target-  ' 

B.,  «  bearing  to  target 
J 

Cj.  a  target  course  > 

s  target  speed 

Bg  o  initial  target  bearing  / 

Lyg  «  latitude  of  firing  > 

C  a  own  nblo  course 
si  ovm  ship  speed 
H^o  “  ®wn  ship  depth  ' 

3^(0)»  angular  spread.  1 

steering  order  J 

a  torpedo  nin  depth  (target  depth) 

3q(H|,|)  not  significant  for  W/O  torpedo 
Ho?  not  significant  for  W/ti  torpedo 


from  Fife 

Control 

Calculations 


from  Navigation 
(?ohijr'l*st'ion8 


manually 

entered 

quantities 


Output  Variables: 

H, 


vm 

0 


torpedo  lam  depth 
gyi*o  angle  ' 

c(i!|jj)  =  Com.  torpedo  path  length, 
e(a)  a  gyw  angle  error  ' 

e(H|jj7)a  remaining  run  to  burst  error ^ 
e(0)  . 


e  (b  -  B  ) 
'  y  my' 


'^Kyro  angle  error] 


Initial 

Ctotputs 


intercept 

Mode 

Bearing  rider 
Mode 
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9. 6. 3. 9. 3  intercept  Equations 

The  following  quantities,  valid  at  the  Initial  prodlctod  impact  point, 
are  generated  by  the  Preset  Torpedo  Equations:  Tgg*  0*  B, 

o{H||j),.  These  quantities  are  subsequently  utilized  in  the  generation 
of  the  correction  quantities,  e(G)  and  required  to  compensate 

for  errors  in  the  predicts  impact  point  due  to  target  maneuvering, 
is  taken  as  a  first  approximation  in  the  Iterative  solution  for 
also.,  the  following  substitutions  are  made  Tjj  «  Tggi  ■ 
c(H„), 

The  following  equations  must  be  evaluated  when  a  target  maneuver 
necessitates  recomputing  the  intercept  point: 


B' 


■'1 

i. 

+  ^dh^^"  ®2  +  ^^<=03  (B, 

+  Yj„'(slh  -  Bg) 

'  V 
'  1 

2. 

Xj,  a  P(,(j3lh  Bg  -  ®S  +  Rh.,sln(B^ 

!  I 

^  Y„-cos(Bg  ^  Bg) 

i ; 

3. 

®tm  “  +  Ss  "  90^^ 

f  1 

1j 

'1.. 

®tm  ‘  ^4°®®  ®tm 

1 1 

1  i 

5i 

fSillx  -  ®tm  +  ^llsln  ®tm 

6. 

®m64  “  ^64  +  ®2 

1i 

°m4  “  ®m64^  *  °o 

C’ 

> 

( i 

JlCj  ”  f  IK.  2)  (sin  -  sin  I'y2)'Jt 

'^tg 

li 

9. 

•^ma  “  +  q(C„)  ^  J(cj 

|] 

iOi 

tl'm  -  U„  +  f(H^)  +  J(V 
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11.  b^3  186°  -  .  By) 


Ig. 

'^ox  ”  , 

r 
*  0 

B^u  sin 
mh^ 

C^dt 

13. 

”hOy  "  ; 

f 

J  0 

D  .  COS 

mnci 

C^dt 

'Himx  "  'Vii(x  ^  'W  +  y’t 

^n^fy  “  ^’iioy  *  f  ti, 

\  ”  W-^"  ’Sy  +  W'"" ’^y 
\  =  %  -  W°'’  \ 

18.  vy  .  Y^  _  BM„tT„C03  B^„ 

19.  r.X  «  X^  +  K-'^j.'P^.aln 

go.  e(R^_g)  »  rx  CO.*,  Bjjg  -  SY  sin 


gl,  lot  B|j^^  «  B|j^  f  o(Bjjg)  and  IT  necessary  Begin  next  iteration 

In  solution  for  with  equation  1 

iw>  “  ’‘V..  ■  «°«  \c 


,«.,,6. 


2-?i.  y  « 

u,.  j(w;'  +  f(H^) 

gi.,  V  “C%)  +qog  -i  ^  u^'dfc 

''g 

2°-  -  >W  "  V. 

\7  -  \7  *  °<«,nY) 


^  ’  %X  “  %6  +  ®  ■'  =0 
g8,  e(a^  -  C,„y 
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Bearing  Rider  Equations:  The  output  quantities  required  in  the  Bearing 
Rider  Mode  are  obtained  by  using  the  "Tritorcept  Mode  Equations"  as 
described  below. 


Equation  1  through  21  are  solved  in  conjunction  with  equation  29  to 
obtain  quantity  (o^  +  ^q)  Is  Msed  as  a  first  approximation 

29.'  "  ^imy®*”  ®my  "  ^x“°®’ \iy. 

e(H|j7)  is  calculated  as  described  for  the  Intercept  Mode, 
9.u.5.9i't  SllBROC  equations 

The  approach  taken  to  the  SUBROC  calculations  is  to  consider  only  those 
equations  which  are  computed  by  the  digital  computer.  The  calculations 
porfotmed  by  the  Missile  Weapon  Order  Equipment  and  the  Ane'^"  Computer 
are  assumed  to  be  unchanged. 

Constanta:  .R|^,  Ej,,  DIK*  DUK,  Kj,*  B^ 


Input  Varlabios:  Rj^  “  target  range 


By  H  bearing  to  target 


^qt  »  target  course 
'^ht  “  target  speed 

B  «  relative  bearing  to  target 


from  Plro  Control 
solution 


B=B„ 


«vo 


relative  target  bearing  from  tube  {missile 
quantity) 

own  ship  depth 


N 


^yo  “  ship  latitude 


"ho 


VO 


own  ship  speedi’norizohtal 
own,  ship  speed-vertical 


from  Navigatldh 
solution 
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Output  Vari.abies: 


“  Pitch 


%  =  roll 


vm. 


>P, 


srin 


’•'■/in 

rn 

^snn5 

Tf 

^jm 

®mt' 

B-B„ 


VO 


from  Navigation 
solution 


SUBROC  Equations:  1.  w  -  R^/SRj^ 

Irm”  ^f  ^f  !■  ”v6^^"  ®f 

^  (R^/2Rjt>^sin  Ej. 


"•  “  (DIKHRj^)  sin  Ly^  -  (WJK)C^f.)2eos  ty.c6sBy/6 

"  ('^qt  =  By)  -  U,,^sln  B 

'Vs:  “  ■"  cos  X'yoSin  By  -  (Kjj)('l'po6s  2Ly^ 


1.  UjTO  =  fi(t\^)  +  {DUiC'(DIK)(Tj.)Bc6s  Ly^slh  By/6 
*  qt  -  By) 
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7 4  A/K  Time  -  T,,  »  fij  ^ 


8;  P.  e  6 
Jm 


9-  Hnf' 


a ret an 


f  cos  B  sin  Ej^gfos  Zq  -  sin  B  Z^  i. 

j [  (oos  E  sir.  E^^sih  Z^  +  slri  B  cos  Z^)  ^  ,[ 


+  (cos  B  cos 


0 

?lV2 


10. 


^nt 


arctan 


cos  B  sin  Ej^^sin  2^  +  sin  B  cos  Z  1 


cos  B  cos  E 


io 


i- 

dg 


9.7  SONARrSURVEiLLAMCE  DATA  PROCESSINO  REQUIREMENTS 
During  the  course  of  this  stuciy.i  four  major  functional  ai’eas  in  sonar 
surveillance  v/ero  conslacred.  The  study  had  a  dual  objective j_  First. 
"Could  a  high  capacity  central  processor  be  uacd  to  Improve  perform¬ 
ance  of  the  surveillance  system  in  eacli  of  the  functional  areas?"  and 
second,  if  potential  improvements  were  indicated  "What  processing 
would  lie  rilin' 1  >v.d  to  this  ^mpi'ovcmont  In  performance?"  The 

four  functional  areas  considered  were  as  follows s 


1)  Passive  detection,  co  u ‘.s  ’'ig  of  the  sub-functionbi  initial 
indication,  post-detection  integrationj  and  confirmation  of 
pr’Gsonce  of  a  legitimate  target, 

2)  Passive  classification,,  consisting  of  analycis  of  acoustic  in¬ 
formation  in  both  time  and  frequency  domains  to  assign  the  unknovm 
emitter  as  belonging  to  a  given  set  or  subset  of  known  emlt^rs. 

i)  Passive  trackirig,  ooiisis.tlng  or  the  process  or  spatial  locali¬ 
zation  of  the  noise  sourcej  carried  out  by  various  tracking 
routines  or  by  cross  correlation  routlries  involving  (a)  phase 
comparison  of  split  beams  (nor;  uoue  by  analog  equipment), ,  (b)  viavo 
bearing  interpolations  or  (c'  wave  front  curvature  calculations, 

4)  Active  processing  presently  carried  out  by  special  purpose 
analog  equipment  vrltii  no  declslon-maKlng  capabilities  inherent  In 
its  design. 
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study  has  proceeded  to  varying  stages/  of  completehesa  In  each  of 
the  four  areas.  Briefly,  it  was  foundvthafi  the  central  processor 
could  be  used  quite  effectively  toward  improving  initial  detection  and 
post  detection  cohfiriiiatJohs.  In  the  classification  area  it  was  found 
that  the  high  rates  and  large  storage  requirements  necessary  for  ob¬ 
taining  poWsr  spectral  estlirtates  indicated  the  need  for  special  pur¬ 
pose  processing  equipment.  The  possibility  of  filtering  out  own  ship 
noise  prior  to  the  generation  of  target  spectrums  does  exist,  however, 
and  will  be  explored  further  during  the  next  phase  of  this  study,  In 
the  area  of  target  tracking  it  Was  found  that  computer  processing 
would  be  effective  in  (a)  storing  and  updating  the  predicted  bearing 
of  detected  targets  (b)  interpolating  between  the  preformed  beams  of 
a  DIMUS  type  system  to  obtain  ATP  infoimatlon  (c)  atablilzatlon  of 
iioarijiga  in  the  ATP  moae  when  using  spherical  sonar  and  (d)  cross- 
correiaticn  to  Potain  passive  ranges  (wavefront  curvature  calc,). 

The  application  of  the  central  processor  to  the  active  sonar  area  was 
not  explored  to  any  great  extent  since  considerable  work  has  been  done 
in  this  regard  at  UEL.  (Small  Ship  Combat  Data  System,  Volume  tj, 
SPADEj  Na/Report  1068) ; 

Ihe  following  sections  summarize  the  present  status  of  the  data  pro¬ 
cessing  requirements  for  passive  detection,  passive  classifloatioh 
and  passive  tracking.  Reference  to  the  MEL  report  is  suggested  for 
the  data-  processing  requirements  in  the  area  of  active  sonar. 

9i7jl  Passive .Detection 

in  order  to  enhance  the  detection  capability  of  the  surveillance  sys¬ 
tem  an  increase  in  processing  flexibility  -was  added  to  the  basic  DIMUS 
concept.  Tills  scheme  provides  for  variation  in  signal  integration 
times j  selective  filtering  of  the  incoming  signal,  seleotldh  of  alter¬ 
native  b/i  angles  and  statistical  testing  to  supplement  the  conven¬ 
tional  aural  and  visual  detection  displays.  A  description  of  the 
displays  and  controls  required  to  implement  this  concept  is  discussed 
in  the  chapter  on  the  Surveillance  Console.  The  Suryelllahoe  Console 
has  provision  for  dlsnlayini;  the  Integrals  a^d  statistical  test  data 
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for  broadband  analysis  for  a  variety  of  conditions.  Ibe  bpenstor  can 
elect  to  display  the  Integrals  for  s’-iy  D/E  angle,  the  best  b/E  angDe, 
or  ail  three  superimposed. 

Ihe  statistical  tests  take  the  form  of  a.  ''window"  for  the  se'c  of  bear¬ 
ings  being  tested.  The  Chi-square  (or  weighted -mean)  values  aw  com¬ 
puted  only  for  the  beams  within  the  window.  About  10-20  points  should 
be  included  In  the  window.  The  window  then  sweeps  across  the  display 
so  that  360°  are  swept  in  one  minute.  Wils  sweeping  continues  auto¬ 
matically  until  the  operator  alters  It.  He  can  position  the  cursor  at 
a  bearing  thus  causing  the  window  to  be  centered  on  that  bearing.  The 
window  will  remain  In  the  selected  position  for  a  prodetermined  length 
of  time  (30  sec.  -  2  min.)  and  then  resume  the  automatic  sweeping. 

The  values  displayed  In  the  window  are  the  test  values,  while  the 
values  on  the  rest  of  the  line  of  the  display  are  the  Integrated  R 
valuesi  The  operator  selects  which  statistical  test  is  to  be  done  and 
displayed  by  depressing  the  appropriate  button,  ihe  nature  of  the 
blMbs  system  lends  itself  particularly  well  to  statistical  testing 
since  the  expectancy  for  pure  uncorrelalea  noise  is  pi-eUlctaolc. 

■The  narrowband  portion  of  the  display  shows  the  R  values  for  all  four 
of  the  narrow  oahda  superimposed.  'The  operator  can  elect  to-  display 
each  band  Individually.  The  display  automAtlcslly  returns  to  the 
superimposed  mode  after  a  pi-edetermined  length  of  time.  He  can  also 
elect  to.  have  the  computer  do  an  automatic  comparison  of  the  R  values 
for  the  t  different  bands  and  display  only  the  best  band.  No  statisti¬ 
cal  tests  are  performed  on  the  harrow  band  data. 

In  order  to  impleraeht  the  above  detection  concept  four  data  prooeasing 
programs  are  required.  These  progr^s  are  discussed  In  the  following 
sections: 

9,7.1.!  Variable  Integration  Time 

Three  integration  times  aro  proposed  for  the  detection  system;  .1”; 

1  and  3  winr\tes.  For  purposes  of  estimating  data  processing  require¬ 
ments,  It  is  assumed  that -the  preformed  uaam  system,  will  consist  of 
about  180  beams  total,  disposed  equally  In  3  D/E  angles. 
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Raw  data  from  these  .'oeams  must  be  processed  j.n  parallel.  The  data  In¬ 
put  rate  is  too  fast  for  a  computer  to  do  even  the  simple  summation.^ 
required  for  the  intesratloh.  Tt  Is  planned  that  some  type  of  aociunu- 
iatpr  register  bo  estabiishod  fot*  each  beam.  'Rio  contents  of  these 
registers  are  transmitted  to  the  computer  every  C,1  sec.  and’  the 
registers  cleared  for  further  accumulation.*?* 

The  186  sums  received  every  0.1  sec.  provide  the  basis  for  the  Integra - 
tiohi  ihe’  0.1  sec,  integral  is  given  by 


where 


"0;  1 


Oil 


Hq  j  is  the  0.1  scci,  ietoeted  integral  for  one  beam 
I^ax  maximum  diagonal  read-out  value  a  cohstahti 


I  is  the  number  of  full  Wave  detected  data  values  summed 

?;q  ^  is  the  svim  of  I  data  values  irt  the  0.1  sec.  Interval; 
uhese  are  fUll  wove  detected  values* 


llio  Rq  j  values  for  each  beam  bro  used  to  drive  the  display  on  the 
Survolilanco  Console.  Three  depression/olevatloh  angles  are  sujser- 
imposed  on  each  other  on  the  display,  liio  opei‘ator  can,  elect  to' dis¬ 
play  any  of  the-  th  ee  angles  alone  by  depressing  a  button  on  the 
console.  'The  display  automatically  returns  to  the  superimposed  display 
after  p  minutes*  The  operator  can  also  elect  to  display  the  best  D/E 
angle  based  bn  the  largest  R 'Obtained. 


The  values  are  retained  in  memoz’y  until  600* of  them  have  been 
erite'red,  Ihe  sum  of  these  600  values  Is  in  effect  a  suii  over  a  1  .min¬ 
ute  Interval.  The  1  minute  Integral  oah  then  be  eo.mputed<,by 


where  j  is  the  number  of  data  values  in  q(j  b,  1, 506, 666  «  8500x6^) i 
Rj.q,  is  recomputed  and  transmitted  to  the  display  every  6  seconds.  The 
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first  66  terms  of  the  q  sum  ii)ust  b-  clroppoa  and  66  new  tenns  added 
every  6  seconds.  By  TOtaJhlng  sums  of  66  yaluos,  t6  isuch  sums  make  up 
the  one  minute  sum,  thus  reduo Ing  the  storage  requirements  to  10  values 
per  beam.. 

Simll'arlyj,  the  1<0  minute  Integration  repwsents  -sums  of  3  mlhiStea  of' 
data  and 

whore  K  is  the  number  of  data  values  in  2.^^q(K-ib  4*560,000  =  l;56o,o60' 
X  3).  The  sum  must  be  recomputed  and  displayed  pyefy  18  see. 

Thus,  by  keeping  sxims  of  l80. detector  outputs,  10  such  sums  make  up 
the  three  ininUte  sum. 


Each  beam  is  processed'  in  the  same  way.  The  integration,  time  for  which 
data  la  to  be  displayed  on  the  console  is  selected  by  the  operatoi’. 

9i7.1i$  Chl=Squ‘aro  Caicuiatiqn 

The  ^i-^uarc  value  X?(6)  for  a  particular  pre=f6mec!  be^  is 
defined  by  ^ 

J  C  S  2 

Y.^(0^)  ^  ;|  ErR  /E 

where  H  1**  tiie  integratv,d'  detected  output  for  the  diagonal 

associated  with  beam  E  is  the  theoretical  detector  output  with 

no  target.  Fy)r  full  wave  linear  detectors  the  value  of  E  Is  given, by 

i 

12(R)  »  i  2  (|)-  p(T,n):  :T  - 

jl&O  *■ 

and  for  I'uil  wavG'  square  lav/  detectors  it  is  giv^n  by 

E{Rl  s  ^  S  (.1^)'^  C(fih)(T  =  2n)^ 

~  h*a6 
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X^(0j^)  is  calculated  foj?  eveiy  beam  and.  the  resulting  set  of  values 
normalized  so  that  the  largest  value  5s  equal  to  one.  The  norniallzed 
cui’ve  is  then  displayed  on  the  Surveillance  Console. 

9.?.!..'?  Weighted  Mean  Calculation  (Cross -correlation  with  target) 

The  weighted  mean  (0^)  for  a  particular  p.re-fomed  beam  0j^  is  defined 

j, 

“  ^T-  j  I  “l«(®ll3^' 


where  ia  the  siablllzed  detector  output  for  the  diagonal  asso- 
olated  with  beam  0^^j  and  the  weights  are  obtained  by  the  following 
dev Ice t 


Let  a  target  be  on  beam  0^.  If  no  noise  is  present  the  detector  out- 
. puts  are 


R.ji(0j“)*  j  "  ”j»  -J  +  1» 
The  d's  are  chosen  so' that 


“i  - 


The  value  of  J  which  Should  be  used  depends  primarily  oh  the  beam 
wl<lthi  Tills  is  defined  as  the  pattern  ior  ’500  cps. 


^(0j)  is  computed  for  every  beam  and  the  resulting  set  of  values 
normalized  so  that  the  targets  ^  is  equal  to  one.  The  normalized 
curve  is  then  displayed  on  the  Surveillahco  Console i 


9.7>l-.4.  Chi-Square  Time  Test 

&y  concent  rating  on  a  particular  beam  and  analyzing  the  R  yalues  .ob¬ 
tained  as  a  function  of  time,  a  sensitive  indicator  of  target  presence 
can  be  derived:  Thus, 

2,  ■  ” 

X^(05  =  i- 
1=6 


g  -  R, 


(tj) 


/£ 
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where  'Is  the  value  of  R.foi’  beam  0.  at  time  t^^^i  Used  In  thlo 

manner- the  Chl-aqyare  value  can  be  tested  for  significance  using,  a 
Chi-square  table  and  thus  a  probability  of  a  tat^et  being  present  de¬ 
rived-. 

9i'/.2  Passive^Clasalfi  cation 

Detected  outputs  from  the  diagohaia  (beams)  of  a  -DIMUS  system  are  ^at 
a  rate  which  is  too  high  for  digital  computer  processing.  It  is 
assumed  that  stabiilKatlon  is  acobmpiished  prior  to  entering  the  digir 
tized.  DIMUS- data  into  the  computers  Since  frequency  nhalysls  requi.res 
every  piece  of  raw  data  at  a  SOKC  rate  to  detect  lOKQ  slgnais,  and 
the  raw  data  must  be  stabilised  for  the  frequency  analysis,  the  assump 
tlon  is  valid.  Special  purpose  equlpmeht  will  be  necessary  tp  do  the 
frequency  analysis  as  the  amount  of  processing  requlrod  la  presently 
beyond  the  capacity  of  a  digital  computer. 

Frequency  analysis  requires  several  mult ipllcat ions  for  each  piece  of 
raw  data.  At  a  aOKC  rate  only  50  mlcrosecohda  are  available.  ITie 
.multiply  speed  of  the  fastest  computers  in  ox.lstehce  is  of  the  oi^ef 
of  10  micro -sec.  Tims,  it  is  seen  that  special  purpose  equipment  is 
required.- 

One- potentially  attractive  aroa,  for  appllcatiph  of  the  central  proces¬ 
sor  to  the  passive  classification  problem  is  found  by  roooghlzihg  that 
the  present  inability -to  filter  out  noise  is  theftnajor  iropedimeht  to 
long  range  classification.  Noise  associated  with  tiie  sonar  .platfonn 
is  as  follows ! 

a)  Ambient  Sea.  Noise 

(i)  Directional  Surface  Noise  which  is  a  function  of  sea 
state. 

(li)  Isotropic  sea.  noise 

b)  Submarine  hydrodynamic  flow  noise;  boundary  eddies,  separ¬ 
ation  areas,  etc. 

c)  Machinery  hoise 

d>  Electronic  system  noise;  hvan,  grounds,  droastalk,  etc., 
entering  at  the  mlcroVolt  loveli 
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Of  these,  the  atatistical  charaoterlstios  of  the  first  three  mey  be 
most  precisely  defined  and  theoretically  should  be  amenable  to  filter¬ 
ing  and  smoothing  techniques  common  to  communications  theory; 

Hie  problem  is  the  converse  of  the  radar  problem  yfhere  signal  proper-r 
ties  are  khovm  and  where  signal  plus  noise  may  be  treated  for-^a  least 
squares  error  solution,  in  this  problem  the  noise  ipropertles  are  most 
known  while  tho  expected  signal  properties  are  not;  filtering  requires 
an  adaptive  rewarl-penaity  type  process. 

Pragmatically,  the  classification  operators,  spend  6C^  r  8osF  of  .effec¬ 
tive  classification  time,  in  the  filtering  process  for  Own  ship's 
noise,  on  operating  units. 

Solving  this  by  logical  computer  processes  appears  to  be  a  fertile 
area  for  future  work. 

9,743  Passive:,Tracklhg 

The  central  processor  can  be  effectively  utilized  to  assist  in  four 
areas  of  passive  target  tracking;  a)  generation  of  -predicted  target 
bearing,,  b)  bearing  stabilization  and  de-'stablllzatlonj  c)  ATP  through 
bearing  interpolation  and  d)  passive  tracking  in  range  through  use  of 
the  PUPPS  concept.  Hieso  four  areas  are  discvisse.d  belowt 

9.4.7. 1.1  .dross.  OTT  Mode 

In  this  mode  the  operator  assigns  the  target  an  identification  number 
by  usiiig  the  keyboai’d  on  the  Surveillance  Console  in  conjunction  with 
the  cursor  control  which  is  used  to  .place  the  cursor  at  the  bearing  of 
the  target  to  which  the  target  identification  is  to  be  applied. 

The  keyboard  is  used  to  Indicate  the  location  of  the  target  for  which 
tracking  is  Lo  be  re-^initiated.  The  "capture  symbol''  is  displayed  on 
the  tracking  console  so  that  the  tracking  operator  can  look  in  the 
vicinity  of  B„  i'or  the  target  arid  go  into  the  ATP  mode; 

Tai^ot  ti'acUlnis  data  for  as  many  as  twelve  Latiieta  can  be  stdred.  for 
re-initiatlon  of  tracking. 
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To  assist  the  operator  to  ro -initiate  automatic  target  tracking  on 
targets  which  had  previously  been  tracked  :a  dead  reckoning  prpcedure 
la  usedi  Upon  termination  of  traoKing  the  following  (3®^®  ®r«  pre¬ 
served  r 

Target  ddehtlflcatlph 

T^  -  time  of  teiininatlon  of  tracking 

B^.  «  bearing  of  target  at  terminatiph'  of  tracking 

L*'  ,  * 

"  bearing  -fate  of  target  at  termination  of  tracking 

Upon  fe-lhltlatioh  of  -tracking  compute 
-  B^.  +  (T^  rp  B^ 

where 

Tj,  s  time  at  which  tracking' is  re-ihltlated 
B^.  w  bearing  to  look  for  target  at  time  T^s, 

9i7.'?.2  ATP  Mpde  Using,  the  Preformed  ^ara  System' 

In  the  ATP  mode  it  is  necessai^  to  determine  the  bearing,  of  the  target 
as  precisely  as  possibles  The  bearing  is  transmitted  to  Fife  Control 
processing  to  be  used  in  the  target  localization^ Bblutlpns.  Since 
the  .be«n  width  is  at  -least  4®,  some  method  of  obtaining  a  nipro  precise 
bearing  must,  bo  used*  The  following  Is  a  technique  by  means  of  ^ieh 
the  interpolated  bearing  can  be  obtalnedi  using  the  nohnally  peaked- 
cross  correlation  .patterns  for  bearing  response.  (Weighted-Mean 
Patterns).. 

As  a  result  of  the  cr^oss-  coffelatibh  pattefhj.  each "beiuni  Sj  has  a 
value  of  R{6^)  associated  with  it.  Bet  the  target  be  at  some  point, 
within  the  range; 

i  e  i  0j, 
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A  peaked  pattern  will  result  from  this  operation,  on  a  threohoH  tar¬ 
get.  The  test  for  bearing  will  be  the  follovjlng  routine  * 

"  R-j.  +  *Lj+i  ”  *>ji 

test  for  sign  of 

at  sign  ehahget  a  0^ 


9.7. 3i3  ATF  Mode  Using  the  Spherical  Systeit 

Fbr  low  S/N  ratio  targets  the  central  processor  may  be  Used  to  supply 
stabilization  signrls  so  the  sonar  ATP  circuit,  parings  are  trans¬ 
mitted  fi*om  sonar  00  fire  control  every  one  t®  two  seconds  i  This 
implies  a  maximum  of  three  stabilization  computations  evet^'  second. 

For  destabilisation,  bearing  rate  is  fed  back  to  sonar  I'roiii  the  central 
processor.  Ttie  data  processing  roquiroments  for  these  calculations, 
dre  as-  follows! 


9i.7i3<3.1  Stabilization 

Tiie  stabilization  prodossos  are  a  rotation  of  coordinates  from  the 
deck  plane  to  thd  horizon  plane  as  follows! 

E^,  c  elevation  in  deck  plane  system 
B  bearing  in  deck  plane  system 
Ejo  pitch 
Zq,  ■  roil 

^  «»  elevation  In  horizon  system 
a  bearing  in  horizon  system 
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theii 

cos  ^  cos  E^=coS'  ^10  cos  cos  Bj 
+  sin.  2q  sin  cos  sin 

-  cos  sin  E^q  sin 

cos  sin  Bjj  •«  cos  2^  cos  E^.  sin  B^  +  sin  sin  E^ 

sin  ^  “  sin  E^^  cos.  E^  cos  B^  -  sin  2^  cos  ^io:  cos  E^  sin  B^ 

+  cbs  cos  sin 

fon  ^ich  F.^  is  determined  nslnc  sin  and  by 

A  a  re  tan  |  (cos  sin,  Bj^)/(c6s  cos  E^)'  I 

Since  con  ^  >  0  tbe  quadrant  of  E^  can  be  determined  from’ the  algns 
of  sin  ^  and  cos  Bj^j  .Relative  bearing  is  then  corrected  to  bearing 
from  north  by  using  a.  heading  correction  Co.  Ihiis 

B.u  Bj^  + 

$ ! Ji i-3. 2  ite -stabilization 

Since  only  B^  need  be  transmitted  to  the  BQS-6,  the  foiiowihg  caicula 
tlons  can  be  applied  for  destabllizatiph: 

%  =  .f(%) 

h  = 

where  f  (Bj^)  is  given,  by  the  Inverse  solution  of  the  stabilization 
.equat  ions 

®d  “  ^  ~  arctan  J  (66s:  E^  slri  B^)/(c68  E^  cos  B^)l 
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snci 

cos  r:^  cos  B  cos  cOs  Zq  sin  ^  -  sin  2^  sin 

cos  E^;j,  cos  is  COS  cos  cos  %0 

+  cos  Sin  sin  sin  2^ 

+  sin  sin  60s  Z^ 

then  f  (^)  can  be  approximated  numerically  by  compublnc 
f  •  (Bv^)  B  I  f  {l^^  +  ABj^)  -  j 

i  ♦. 

Using  derived  in  the  Eire  Control  Solution  B^j  is  computed  using 
this  eipproximAtidn  to 

-  ^  *,  • 

It  is  assumed  that  the  effects  of  Ejj  cn  B^.  are  not  significant  so  -that 
the  simple  app5’oach  above  can  bo  used  and  the  value  of  thus  ob¬ 
tained  Is  sufficiently  accurate  to  be  used  in  the  .automatic  tracking 
system  of  the  BiJS-f.  Under  the  condivlons  In  which  automatic  tracking 
is  noimally  used  this  assumption  is  certainly  valid. 


-9 i 7 iM  Passive,  nanga.  i’raokine. 

No  detailed  studies  were  conducted  in  this  area  during  this-  phase  of 
the  work.  However,  one  obvious  use  of  the  central  processor  appears 
potentially  attractive,  "/ne  PyPPS  console  operator  function  can  be 
broken  down  into  two  dist  inct  types r  global  inspect  ion  , and  precise 
matchlngt  The  first  type  of  function  should,  for  the  time  being,  be 
left  in  the  hanus  of  the  operator. 


•5 
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Many  factors,  r.ostiy  undefined,  wli).  enter  Into  the  Inspection  func¬ 
tion,  wliere  the  operator  decides  If  a  particular  spike  represents  a 
target.  Precise  matching  of  either  the  bearing  factor  or  the  matching 
for  range  is  a  function  better  done  by  computer.  Thus,  after  the  glo¬ 
bal  inspection,  the  roughly  gated  portion  of  the  corrallogram’  could 
be  transferred  into  the  computer  vfhere  all  the  essential  time  delays 
can  be  determined.  Sprocket  pulses  on  the  drum  can  serve  as  time  base 
indicators,  addressable  from  the  digital  computer,  so  that  no  syn¬ 
chronism  has  to  exist  between  drnjm  and  computer.  After  the  basic  de¬ 
lays  have  been  computed,  they  can  be  fed  back  to  the  console  for  moni¬ 
toring  by  the  operator. 

This  method  will  also  facilitate  the  ATP  mode  for  RJFPS  operation  as 
well  as  open  the  posoluillty  of  atabillzlhg  the  system. 

9i8  COMMAND  DATA  PROCESSING  REQUIREMENTS 

9.3il  Computer.  Punctlbhai.'Reaulrements  .for-  Command 
The  Command  Console  Is  the  position  at  which  sugary  Infoiinatlon  is 
displayed  to  assist  the  officer  making  tactical  decisions  and  planning 
future  action.  Two  major  functions  are  perfbrroed  by  the  computer*  in 
conjunction  with  the  Command  Console j  displaying  infoimatlon  on  the 
Tactical  Display  and  displaying  detection  pTObability  contours  oh  the 
Acoustic  Detection  Display. 

9.8.2  Tactical .Display 

Information  displayed  on  the  Tactical  Display  of  the  Co^and  Console 
is  essentially  a  subset  of  the  Information  displayed  at  the  Fire  Cont'.’ol 
Console,  included  are 

Own  ship  location  and  course 

Target  locations,  courses,  speeds  and  classifications 
Target  ranges  and  error  estimates 

Controls  for  scale  and  locatlor.  of  own  ship  on  the  display  are  entered 
into  the  computer  ana  used  to  control  the  position  at  which  various 
symbols  are  displayed.^ 
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in  addition  to  the  above  functions,  the  officer  can  enter  changes  oo 
ovm  ships  ana  targets  track  and  dispxay  relative  positions  at  a  future 
point  in  time  based  on  the  projected  ta’rgets  and  ovm  ship  tracks. 

The  display  must  be  driver,  at  a  rate  of  20  to  tO  times  per  second;  If 
the  display  is  of  current  positions,  the  data,  displayed  is  recomputed 
five  times  per  second.  Display  of  projected  tracks  is  on  request  so 
that  the  data  must  be  recomputed’  as  requested. 

9,8.3  Acoustic .Dotectlon.  Environment  Display 
The  detection  probability,  p,  is  given  by 

g_)2jd(S.E.). 

where  (S.E.)  is  the  "Signal  Excess,"  The  signal  excess  is  computed  by 
(S.E. )  *•  (I.p  -  Djj  +  Ljjj  -  X  iig)  1 

wliere 

Ljjj  i  Kpp  Is  moa.surcd  by  the  ship's  figure  of  merit 
equipment  t 

iij^  a  radiated  target  noise  level  (set  in  through  console) 

Ng  =  deviation  loss  (function  of  sonar  eqpt,) 
and 

^'w  ^  propagation  loss  (described  below). 

The  propagailoii  loes  s;^,.  Is  give.,  iv 

^w  “  (Spreading  Loss)  +  (Diffraetloh  Loss'  -f  (Attenuatiph  Loss) 

■I  (Bottom  Lossl  •- 
SO  log  (Ig/i'  +  Npiff.  + 

The  terms  contributing  to  H  arc  functions  of  range,,  depth,  temperature, 
velocity  of  sound,  salinity,  and  frequehey. 
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Tile  proceciurs  Po3 lowed  to  compute  tl'^'  probability  of  detection  Is  to 
trace  a  ray  from  Its  source  and  compute  and  p  at  points  along  the  ray 

path;  The  depth  and  range  at  which  p>*50^>  7<^  and  9^  are  noted  so  that 
a  point  can  be  displayed  on  the  ADED  for  the  contours  of  equal  probability. 

The  primary  data  upon  which  che  caj-ouiations  are  based  are  viater  tem- 
■ppraturei  f,  and  salinity,  S,  as  functions  of  depth,  D.  These  data  aro 
obtained  from  the  ha  thy  thermograph  for  depciis  a^  or  above  the 
current  ship  depth;  Fbr  those  depths  below,  cui’rent  ship  depth,  tables 
are  used  which  have  been  prepared  for  large  areas  of  the  oceans,. 

The  velocity  of  soundj,  V,  is- given  by, 

V  i»  <1422  +  11.2'5T  -  O.OliOOT^  +  b.6i8-b+  llil(S-34) 

Starting  with  a  ray  at  depth  D^,  with  angle  of  inclination  6^;  its 
vertex  velocity  is  given  by 

V--  «  V  /cos  0 
X  ’'o'  o 

where  .V^  is  computed  using  the  above  equation.  At  depth  b^j  the  horl^ 
zontal  distance  traveled  by  thb  ray  is 

ARj  »  |Vvf  ^  -  Vv?  -  vf  I  /(30j) 

bl  s  (Vi  ^  V^)  /  (Di  -  D^). 

Repeating  this  procedure  for  depths  Dg,  the  total  range,  R,  la 

given,  by 

r>  b 

H  S  T.  AR,  M  2 
"  iSl  ^  i-1 

bj  &  .(Vj^  -  V^_i)-  /  (D,  - 


/  (3bji 
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The  ratio  of  Initial  Intensity,  to  intensity,  i^,  at  1^  Is  j'^tveh  by 

V*n  •  -  V’x  "  ""'f'x  " 

The  diffraction  loos,  at  is  Riven  by 

,j.  73.3  log  a  7  1,7  for  a  <  1/J 


%lff,  “  \  Tog  «  +  0i6  (log  a)"  for- 1/160;  ^  « ,<  10 


for  ct  >  lb 


d  «  (ttC A^)  /  (V^a|  ) 
f  «  frequency 


Vy  "  sound  velocity  at  soui’oe 


V- 


Ml  • 


3  cosV  iSl  ^1-1  "  “^1 
0 


•)  /  (i. 


coo  lal 


fi  ‘  5r4>  ‘  f 


in  which  sin  0^  is  Riven  by 

sin  «^(V|  vf)  /'Vy  . 

The  attenuation  loss,  aRg;  is  given  b; 


aRg  «  f2|.6.51  X  10^"  f^/(f2  ^3)  +  X  lO^Vff;] 

+  7.8028  X  exp  ( -0.0247 5^9T)l 


wherc- 


f^;.  s  1.23  X  16^  exp  |^(-4830/(T  +  459.6)j 


and  wiiere  f  is  in  !:c,  anu  ?  i.  in  degrees  ’ahi  oni.c  ■  I , 
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and  slant  range-  is  approximated  by 

r  »  no,  of  deep  rof race 16ns 
d  «  water  depth  In  yards 

The  bottom  loss  Ng  Is  determined  by  Interpolation  using  the  curves  of 
Ng  vs,  inclination  angle  0.  %ese  curves  are  given- in.  Figure  5  of  the 
Acoustic  Detection  Prediction  Stwdiea  ^port.  Plirther  analysis  of 
these  curves  is  required  to  detemihe  whether  high  order  ;poiynomlal8j 
exponentials,  or  some  other  function  will  be  required  to  approximate 
them  in  the  computer. 

For  each  point  along  the  ray  path  these  corrections  must  be  computed 
and  the  signal  excess  determined,  Then  the  p;.r>bablilty  of  detection 
is  computed  to  soo  If  it  is  one  of  the  three  values  to  be  displayed. 

As  each  ray  is  traced,  depth  and  0  must  be  examined.  Mien  the  depth 
equals  the  ocea«  depth  at  t.hat  point,  the  bottom  ipsa  term  Ng  is 
applied.  The  value  of  0  for  the  reflected  ivay  Is  equal  but  of  opposite 
.'iJgu,  to  the  angle  of  Jjioidenco  )•  ‘IcpLii  is  Jn- 

oreasing  arid  0  bocor.ios  sore  account  is  taken  of  this  deep  refraction 
by  chanjUng  the  sign  of  0  at  this  point. 

The  above  equations- are  applied  to  trace  several  rays  in  or^er  to 
give  enough  .points  to  plot  the  equal  pt'pbablllty  contours,  initial 
angles  0^  between  plus  and  minus  25°  at  intervals  of  1°  should'  be  ade¬ 
quate  to  deteifr.ino  the  eontourss  Closer  spacing  of  points  for  pur¬ 
poses  of -driving  the  display  can  be  obtained  by  interpolation  if  it  is 
found  to  bo  necessary.  Intervals  of  ton  feet  in  depth  should  be  ade¬ 
quate  along  each  ray.  The  depth  interval  should  be  at  most  56  ft. 

The  Acoustic  Detection  Environment  Display  can  display  the  probability 
of  detection  of  a  target  by  own  ship  or  of  pwn  ship  by  a  target.  In 
the  first  case,  the  ray  tracing  piOoeeds  from  own  ship  aiong  various 
rays;  Tn  the  second  case,  the  rfy  tracing  piOceeds  from  varget  ship 
along  various  rays.  In  the  secoi.a  ease  it  is  necessary  to  supply  the 
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coitiRUter  with  mahliaily  entei'ed  estimates  of  Hpj,.  Lg,  and  Wg- 
which  are  furctioris  of  target  type,  epeed-,  and  aspect  (entered  at  the 
conroand  station). 

For  the  ’active  system  the  detection  probability  is  computed  similarly 
except  that 

(S.E.  )  a  (ii^  -  Lj,  +  Kjjj  r  Nj^jj.  +  Njg,  T  2  SNyi 


when 

Lg  a  source  level  of  transmitted  pulse 
N^g  a  target  -strength 

in  the  active  case,  the  Figure -of -Merit  (POM)  Is  affected  by  reverber¬ 
ation  at  close  ranges.  The.  value  detemined  by 


FOM  a 


-  ^bi  *  *^RD 


is  adjusted  in  the  range  of  1  KYD  to  8.5  KYD  as  follows: 

FOM'  a  POM  (  1  -  e’*^^) 

where  f6M'  1s  :‘ho  adjusted  POM,  K  is  a  constant,  and  t  is  a  functl6n 
of  range  R.  (at  R  a  S.5  CTO,  -t  a  5;^  sec.) 

Selection  of  which  of  the  various  .possibilities  to  be  displayed  is 
cohtroilPd  at  the  Command  Console.  Once  a  display  had  been  requested, 
the  computations  are  done  once.  The  compiiter  task  of  driving  the 
display  at  a  20  to  50  cps  rate  remains  but  the  oalculatlOhs  do  not 
have  to  bo  redone  until  a  new  display  request  is  made.  Since  the 
calculations  are  valid  for  only  one  depth  the  officer  may  request  then 
several  depths  successively  to  determine  his  own  best  depth  .for 
deV«c*'ior  of  targets,  or, in  case  of  avoiding  detection,  several  depths 
of  the  target  may  be  requested; 
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9.9  N.WiaATION  DATA  FROCESSIN.a  REQUIRQ^EMTS 

The  primary  navigation  computations  are  those  involved  with,  the  Ships 
Inertial  Navigation  Syrtom.  llie  present  system  has  special  pufi?6se 
computations  in  the  fonh  of  a  digijbnl  differential  analyzer  (DDA) 
section  of  the  computer  and  other  computations  which  are  perfonned  in 
a  general  purpose  section  of  the  computer. 

A  very  detailed  and  careful  analysis  is  required  to  determine  whether 
the  oeaputer  determined  by.  this  study  can  economically  and  effectively 
replace  the  Verdan  Comp'-.ter  in  the  SINS  system.  TUe  computations 
performed  in  the  present  system  indicate  the  magnitude  of  the  compu¬ 
tational  task  so  that  a  description  of  these  computations  is  Inoluded 
here.  The  DBA  tasks,  in  particular,,  would' be  difficult  to  Impiemeht 
oh  a  general  purpose  computer  unless  the  computer  were  very  fast. 

Two  fonres  of  Fix  computations  are  utilized  to  reset  the  SINS.  Hrese 
are  Loran=C  and  Celestial  fix.  These  computations  must  be  done  rela¬ 
tively  infrequently  so  that  the  computer  loading  which  they  represent 
is  primarily  apace,  not  tlmej 

9.9.1  Loran-O-Solutlon 

Constants  I  Lj^  «  latitude  and  longitude  of  master  transmitter 

K^,  M  latitude  and  longitude  of  A  transmitter 
^B’  ^  “  latitude  and  longitude  of  B  transmitter 

P,  Cj,  Cg,  Cj 

input  'Variables!  TDA,  TDB  »  observed  time  delays  of  transmitters 
A  and  B  respectively 

Ag,  L„  i>  latitude  and  iongltude  from  SINS 
Output  Variables:  X,  t  «  true  latitude  and,  longitude  from  LoraniC 
solution 

loran^C  Calculations: 

1. 

2. 


Use  t  as  a  first  approximation  to  X,  L. 

o  S 

^  »  96°  -  Xp,  p  5  a,B,M  or  the  thi*ee  tranamltters 
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Tp  «=  arocos  j^cos  5^  66s  +  sin  sin  oos 

(ip  *  '■n>I 


"P  "  It 


(3  slR  V  -  r)(sln  \ 


Pi  +  Pcos  XV 


-(3  sin  bp  +  x^p)(ali)  -  aln 


i  r  COS  r- 


A  w  Cnf*  +  0. 

-Pp  Ip  &  P  5 


!;»<  sa  r»  +6  +  A 

P  ^p  ^ 


slxx  JIp  «  “  3ln  Xp  sin  (l.p  -  tj^)/3ln 


6r, 


3tf  ”  V°® 


cos  2p  =  -  sin^Ap 


K(TDA)  ii  + 


AX  + 


3t 


AL 


k{TDB)  i.  ^  + 


~  (^Xn 

n  n 


AX  + 


ST" 

n 


I  At 
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Solve  for  A'\  arid  riL 
12.  Let  «='  +  AX 

^n+1  ”  ^ri  ^ 
and  iterate  uritii 
|(,AX  +'AB)|^  E  ■ 

9.9«2  't'eiestlai-.Navlgatl.6ri.Caicuiatl6ri 

Outline  of  method  used  to  obtain  a  celestial  riavigation  fix 

1.  The  approximate  altitude  arid  azimuth i  Ap^  arid  of  the 

two  stars  on  which  a  fix  is  to  be  based,  are  inserted  in  the 
computer. 

2.  ibe  computer  calculates  the  stars  right  asoeriaion  arid  declin- 
atiori,  arid  6p^,  corresponding  to  Apj,  arid  Zpj^i  (Eqs  1-8) 

arid  the  exact  rlglt  ascension  arid  deolina^ori  of 
the  stars  are  obtained  by  searching  the  star  tables  for  the 
and  6^,-  which  most  closely  approximate  cipj,  arid  6p^. 

4i  and  6^^,  are  corrected  using  Besseliari  correction  co¬ 
efficients  which  may  .either  be  calculated  or  prestbred  iri  tabular 
fbm.  (^.  9-16) 

5.  and  calculated  altitude  and  azlmuthj  arc  obtained 
from  a  spherical  triangle  solution.  SINS  quantities  are  used  for 
a,  first  approximatlbri  for  latitude  arid  Ibn.gltudei 

6.  The  partial  derivltives  required  for  the  expansion  , of 
and  are  generated. 

7..  AL  and  AX  are  gerieratod  by  solving  arid  the  solution 

is  iterated  uritl.3  At,  and  AX  converge  to  within  a,  prespecified 
tolerance 

8,  Ajj  is  obtained  by  sblvirig  ^{^)  where  i  =  1  or  i  «  2.  That 
is,  HA  is  based  on  the  observed  azimuth  of  only  one  star. 
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Constants;  K-j^-,  Kg,  it,  ti,  E,  Oj,  Og 
Input  Variables,; 

X„,  Xg  =  SINS  latitude  and  longitude 

Ap£,  "pi(i  ^  1>2)  Approximate  altitude  and  azimuth  of  star.s 
upon  which  a  fix  is  to  be  baaed, 

Ajjji,  2j^i{l  =  1,2)  true  aiiitude  and  azimuth  of  stars. 

(measured  by  a  periscoise  which  is  -effec¬ 
tively  stabilized) . 

Star  Table  consisting  of  the  right  ascensioi'i  and  declin¬ 
ation,  and  of  stars  selected  oh  the  basis  of  their 
brightness  and'  position  on  the  celestial  sphere; 

A,BiJ,D  Besselian  correctioh.  coefficients  (which  may  be 
tabulated  or  Oal'culated,.) 

Day  of  Year,  Time  of'  Day*. 


Output  Variables; 

AL  «  Latitude  and  longitude  of  vessel  as  detemined  by  .fix 
solution 

AH  «  SINS  heading  correction 


Equat  16ns 


1.  sin  6p^.  =  COS  A^j  cos  +  sin 


A^cos  Zpi 


9.  cos  5„,, 

sin  6, 


3. 


■pi 


"pi 
1=  tan"'^ 


sln^f, 


pi 


"  ”pi 
COS~b,  ; 

pi 


-  6*>'- 

t.  Sin  t^,  = 


"pi 


cos  6, 


pi 


A08 


CONNDENTIAL 


I 


T 


r 


f 


P 

1: 


,'7 
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5.  COB  t 


’pi 


1  ~  ain^t 


-pi 


6. 

7-i 

8i 

?J 

16. 

il.i 

I2i 

13. 

iii. 


^pl  ^ 


-1 


■sin  t 


cos  t 


'£L 


pi 


_  -  _  ,  Dav.  of  :Year.-  .  Tlme:i6f-i)ay 

T  ■  %-  +  Slderlal  Year  *  Slderlai  -fey 

°ll  "  °61  A(Kf  -  Kg  sin  ct^i^n  6^^,)  +3(06.8.  Opitan  C^i) 

+  0(008  ■  3(816-  %i“«°  ®oi^ 

^'oi  ■  ^61  ■*■  ■*■  “61^  B(r8in  rtQj^) 

+  C(tah  E  009  -  aln  OoiSin  +  p(c6s  a^^sin 

'^ol  *  ^  ■  ^^*6i  ■  '^n)' 

aln  A|,j  ■  062  b'^^oos  ^  + -sin  ^'^^sin  ^cos, 

008  Aq'^1  -  sin?  Agj. 


A^j_.  ,*  tan 


-i 


iliioi- 

C08%i 


sin  j  « 


15. 

164.  .008  Z 

174 

18. 


hi 


.003,  A 


?ci  -A/i  - 


‘o3 

aln^  Z, 


'61 


Z^l  "  tan 


-i 


sin  Z 


'cl 


cos  Z 


'cl 


dA 


^cl. 


COB  Zj,i, 


2469 


gonf:dential 


i. 


GONFiDENmL 


1  O'-  ^  1 

"  sin  Z^^cos  ^ 


-a, 


*  ^  Zgj^)«an 

81.  ■  =  (sih'  A  ^  sin  'A  sin 


3^01. 


^6h 


2?*  ^nl  "  '^cl  ^  ■*■  "^<1 

\8  "  '^0  2  +  5^’%  +  ST”  ^ 

83.  ^uafclbns  (-28)  arb  solved  for  AA^  arid 
S'**  ^ri+r.“  V  +  -^’'ri 

Itie  solution  is  Iterated  until 

§6.  AH  =  Z„,  =.(Z,,  +,^.AA.  +||i 


27 i  Bessellan  cpsffi'Olerita  are  given  by 

A  a  t  -  k-^slnft+  kgSlri  2fi  +  k^siri  2L  +  K^srn(I<  -  7) 

B  =  k^oosfi  +  kgcos  2fl+  k,^6‘os  8i>  +  kgC03(3L  -.  7) 

+  k^cos  00  +  kjQCos(86  =fi)  +  kj-jcps(30  -  7') 

CC  a  ki  jjOOs  €  cos  t 


Jjio 


GONFiDENtlAL 


CONFiDENIIAL 


ipii  .in  t 

T,  ki  r  are  cons<:arii.i 

fjj  L,.  y,-  S'i,  'y'  single*  iinear  functions  of  timdv 
9.9.3  siN’S..^uatl6ns.  -(equation  mechanization) 

i^e  basic  navigation  equations  for  the  N7B  Inertial  ^Navigator  are  de*- 
rived  In  ^-?l4p.  rite  ifoiiqwing  list  of  equations  are  mechanized  in 
the -VERDAN  computer  of  the  h7B  inertial  Navigator; 

(d)  i)A  EQUATIONS. 

1.  Veidelty,  increments 

(a)  a  dVj^(i4)  +  dv^C?)** 
where  dV;,{i^)  a  k„A'dt(l-6) 

X  X-  X' 

dVjj(7)  “  >'x^dt(7)  +  a^^dt 

(b)  dVy  a  dVy(l-6)  +  dVy,(7) 
whef'c  dV  {l-6'<  <= 

y  v>  O' 

dVy(7)  a  kyA^dt(7)  +  aj^dt 

2.  Angular.  .Rates ..( Standard.  Latitude -Longitude:.  Coordinates). 

Vy.dt*  , 

(3^  P^dt  a  (1  .  cc|.)  .  scc^ydC^- 

(b)  Pydt  „  (1  .  ,c|^)  +  ieCjj^dCx^ 


+  ■+ 


-  (“i,  +  fi,)V,de»  -  cAv^dfc 

Z  Z  X  ^ 


'•These  teiins  are  disabled  v/hen  a  6  except  in  DI^? 

**The  velocity  increments  are  accum'.tlated  in  7  DA  integratbrsi 
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3 .  Angular  .Rates.  .(Yi-a  ns  verge,  .I.s.tlt\K3c---Lonf:H;ude..0odrdlr.ate3'K 
V,  o 

(a)  •  -V"  (1  -  ■“ 

<6)  a  (1  -  t 


1* 4  Direction.  Cofllncs  .{Sfcandai'd  Lat Itude -Longitude.- Coofdlnklos.. 

(a)  S  (p^Cjjy  -  PyCx^)dt 

(b)  dCyy  ii  (Px^Xz  " 

(c)  dCy^  =  (pyCy^  -  .Px”xy^^^‘ 


5*  birectldn  -Cosines  (Transvcrao:  Latitude -Longitude.  Coordinates). 
(a)  dCy^  =  *  Py^z-'^'^ 

(bi  dCy_^.  ^  (p,Cy^^  -  P^Cy^^idt 

”  ^Py%x  "" 

6 .  byro.  lorqulng-Funcfc-lons 

(a)  xgyroi  Sx[oy^^  =  -  V"1 

wliere:  ^j,dt  =  ^^clfc  + 


(bi  y  gyro :  S„  j^^dt  -  |  +  b^dt] 


where : 


a  |,y«  t 


♦These  temis  a're  disabled  when  V^,  =  0  except  in  DI-P 


la2 
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* 


GONFIDINTIAL 


I 


r' 

I. 


II 

C 

r 


i  > 

I 

i  : 


(c)’  2  gyro:  +  b^dtju 

itheres  ^32'^^  =  ^dt  + 

7 .  Display  .Coordihates-  .f  Standard  LatltudegLonglttide  Cobr^lnatca) 

(a)  d0'»  -  PyOoa  a  dt  -  Pj^sln  ct  dt 

(b)  dl  00s  0  "-p„8ln  d  dt  +  p„e6s  d  dt 

y  ‘  X  ' 

(6)  Pj,dt  =>  -  d)i  sin  3 

8.  Display  .  Coordinates (Transverse.  Latltuae-Ldhgitude., Coordinates) 

(a)  dO^  «i  -  .pycos  a,jdt  -  p^aih  d,j,dt 

(b)  d\pC03  0,p  «  -  p-slh  a^dt  +  Pj^coa  d^dt 

(c)  .p^dt  a  -  ,a\j,8ln  0^ 

9.  Earth  Rate  .Combonenta  (Standard  Latitude-longitude  Coordinates) 

(a)  fijj  ®  ® 

(h)  s  00^  a  -  ficos  0  slh  d 

(c)  %  ”  PPxz  **  ^ ‘^sl.n  6 


16,  Earth  Rate.- Components  (Tranaverse  iLatltude-Longitude.  Coordinates). 

(a) 

(b)  fiy  ■  a  .fi[slh  0,j,3ln  ^^slh  +  603  >^c6s  .a,pj 

(d)  ^2  ”  2  'dpS'  ^ipSih 


fd3 


GdNriDENTiAL 


CONFi[)ENT!A.L 


(B)  (3P  EQUATIONS 

1 .  Direction  Cosim-a  (Standard  Latitude-rtonKltude.  .Coordinates) 


(a)  ^  bos,:  ©  cos  ct 

(b)  Cjjy  =  -  CO..  0  sin  a 


(c)  C. 


'Xz 


-  sin  © 


2.  Dlrbbt Ion  .Cosines  {Transverse.. Latltude-toniiiltude  jCoordlnates) 

(a)  ”  ~  sin  ©ipbih  X^cos  a,j,  +  cos  A^.sln- ot^ 

(b)  slri  e^slh  X^sin  a/p  cos  X^bos  a^. 


(c)  C. 


cos  ©ipsln  X,p 


,(C)  VELOCITO  TER.MS  ^STANDARD. LATITUDE-LONGITUDE  COORDINATES) 


'^vXt 


.2.  s  Vj;cbs(^  T  a) 


V  \,3Xni'!/  -  a) 


H.  V  =^/v?  +  V® 


5.  Vj^,  a  V.joos  d  -  V;,sin' d 


6i.  Vt  “  V„co3  d  +  V„3ln  d 
by  'X 


Y. 

AV,,  a  AV^cos  d  =■ 

N  X 

AVySln  d 

S. 

AV-  a  V  -  V 
*  X  » 

9i 

AV  S  V  =  V 
'y  y  ry 

hln 


Gdfs»flDENtlAL 


CDNtilDENTIAL 


(D)  VELOCm  ‘fE.<i-.S-..(*fRAHSVERSE  L.m'l’UDly.fLQNGTa'UDE  CQQR&lUATES 


1. 


ii  ?  V^cosOJ'  -  a^) 

3v  V-yy  Vi,sln{i^  -  aj) 


5i  AV-  a  V  -  V- 
’x  X  rx 


6i  Av-  *  y.  ■-  v- 

y  y  ry 


(E)  CaAVED  TH^EtEIX  RESET'  EQUATIONS 


S/{1 


2  3i‘n  |(tg  -  tj) 


cos 


sin 


cos  fU; 


(-  A0j  +  iB^cos  ntj) 


sin 


-  i^QooB  otgi 


.  ^  €}i 

(fi^QCoa  9  +  -jy)  a 


sin  nc^ 

.~- 


1- 

ir 


sin 


1^-"'  (ASj  -  A95) 


nsin  fit 


2  sin  I  (tg  =  t|) 


^  (ARg  =  A9q) 


sin  ^ 
2 


'il& 
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(.^2  -  T  r^'^r  ^  +  J^)  (cos  r  i)  + 

COS  0  >u 

slh  ’("^0  + 

-p  ’^'  ^h  ■  ^z()  ^  ■^'  <‘"^'5  - 

"^)X  "'"n  “ 

rAby  ■  -  slh- d 

-Aby  ■  a-  Ej^cos  W  -  ^pSih  0 

"  I  (^5-6°°®  ^  ^  «  t,  +  (-ASq  +  ^)8in  0  ^'1 

L  '  '  ’J,  cos  s 

(P)  INiTlAb  CONDITIONS  IN  THE  TRANSVERSE  COORDINATE  SYST^ 

At  the  moment  of  transfomatlon  from  standard,  to  transverse  coordinates 
the  Initial  conditions  for  the  transverse  coordinate  system  aw t 

N’o  ”  '^'^srees  east 
%6  ”  ®o  ^  degrees 


9*9?**  Rates 

SiNS  outputs  corrections  to  the  gyros  every  10  msi  The  correction  is 
one  bit  and  rive  bits  can  be  accumulated  and  transmitted  from  the  SINS' 
Navigation  computations  every  50  ms. i  with  the  five  bits  retransmitted 
at  the  rate  of  one  every  10  ms, 

ihe  velocity  meters  which  are  input  to  the  SINSoalculatlohs  are 
s^pled  300  times  per  sec.  By  counting,  these  values  can  be  saved  and 
transmitted  to  the  SINS  input  section  e‘’or.y  50  msi 
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We  general,  purpose  caiculatlcha,  in,  SINS  must  be  cu.iipl eted  in  ‘:j6.ms. 
arid  used  to  update  the  DpA  portion  of  the  SINS  caicuiatiorisv 


We  L6ran-C  arid  CeleWlai  Navlgatlori  computations  are  psrWraed  on  re¬ 
quest.  Were  may  bo  several  hours  between  requests. 


CONFIDENTIAL 


GONRplNTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


REFERENCE 


CHAPTEH,  i,  REK-ERSvGES 

l)  ASW-.Submar.lne  Integrated  .Control.  TFlscal'Yeaf..  196q)  .-.A  Preliminary 
Study i  Report  No.  Citii-6l-lA0,  25  Sept;  1961  (revised  11  Got.  'ifjol) 
CONFIDEJiTIAL 

CHAPTER  TV,  R^ERENCES 

1)  Final  Rep6rt.on.-Prlniary-Survelliance.S.V3tem.for..SS(il)59^  CittBs  Sub¬ 
marine  ...Phase  .1,  .Coordinated  Ship, Elec tronlc-beslKh.  Raytheon  Com¬ 
pany,  Equipment  Division,  9  Oct.  1961. 

2)  Fitts,  P.M. ,  "Engineering  Psychology  and  Equipment  Design,"  In 

Stevens,  S.S.  (Ed.),  Handbook-of.  Experimental  Psychology i  Jo.hn 
Wliey  *  Sonsi  Inc.,  New  york,.  i951  ' 

3)  Fltta,  P.M,,  Readings -.for  Human  Eni<lneei-lng  Concepts  and  Theory. 
University  of  Michigan,  College  of  Engineering,  1961. 

A)  Havrori,  M.  Dean,  and  Jenkins,  James  P.,  Information  Requirements 
Methods.  as..Applled  to  .Development,  of  Displays  and.  Consoles.  Human 
Sciences  Research,  Inc.,  HSR-RRifl-A-om,  Report  Number  12,  March 
1901  (CONFIDENTIAL) 

5)  Human. Factors  Design  Standards. for. tne-Jleet  Ballistic  Missile 
Weapon  System.Vol.  I.  Dunlap  and  Associates,  Bureau  of  Naval 
Weapons  Publication,  Code  Ident.  10001  OD  I8A13,  Oct  i960 

6)  Inspector-approved -Manuscript-form  Technical  Manual  for  Sonar 
System. AN/BQQr 1 .  Department  <  f  the  Navy,  Bureau  of  Ships,  NavShlps 
936-54,  (CONFIDENTIAL) 

7)  Llndsley,  Donald  B.  (Ed.),  Human  Factors  In  Undersea  Warfare. 
National  Research  Council,  1949 

8)  Slnalko,  H.  Wallace,  and  Buckley,  E.P.  Human  Factors  In  the  Design 
of  Systems.  Naval  Research  Laboi'atory,  Washington,  D.C.,  NRL  Re¬ 
port  4996,  29  Aug.  1957 

419 


CONFIDENTIAL 


CONFIDENTIAL 


9)  VanCotl,  H.P.,  and  Altman,  J.W.  Prooeduro  rdl-.,IncludlhK.J(uiran.  In- 
glneerlnK.  Fa' '  nra  in  the  Davelopnient  of  Vioapon  Systemo.  VJriglit 
Air  lievciopnieiil  Cenlei-,  FaySc;,-,  OhLo,  VIADC-TR-5O- SOO,  Qot.  19D''' 

CHAPTER  V,  REFERENCES 

1)  SS^va-SS.Apnnoaeh,. and  .Attack.  U..S.  Naval  Submarine  School,  New 
London,  Conn.  (CONpiDEliTlAL) 

2)  Submarine  Fire  Control  and  Tactic?,  Manual,  U.S;  Naval  Subnuirinc 
School,  New  London,  COnn.  (CONFIDENTIAL) 

3)  Fitts,  P.M.  (Ed.)j  Human, EnKinebring  for  an  Effective  Air  Naviga" 
tlon  and  Traffic.  Control  System,  National  Research  Council,  Wash. 

b.c. ,  1951 

а)  An  Analysis -Of  Acoustic  Torpedo  Fire  Conti;ol  Problems,  General 
Dynamies/Electrlc  Boat,  Groton,  Conn.,  SPD  60-399^  15  j)ec.  i960 

CHAPTER  V,  REFERENCES,  GENERAL 

5)  Basic.  Fire-Control  Mcohanisms.  OP  lllfO; 

б)  Fine  Control  Fundamentals.  NavPcr.':  91900, 

f)  Fire  Control  .System  MK  119,  OP  ■I'J.TB  {CONFIDENTIAL) 

h )  SUBIC  Weapons -C’onti'ol  .Sy.>tem..lnrorination.  Requirements  Study , 

Final  Report,  prepared  by  Librascope,  Incorporated,  I'or  the 
General  Dynamlcs/Elcctrlc  Boat,  Groton,  Conn,,  Subcontract  No. 
512-0-301,  July  1959  (CONFIDENTIAL) 

9 )  SUBIC  -  Weapons  Control  S.vstem  Information  Requirements -Study , 

Final  Report,  prepared  by  International  Business  Machines  Corpora¬ 
tion  for  General  Dynamies/Electrlc  Boat,  Groton,  Conn,,  Subcontract 
No  512-C-IO2,  1  J<3y  i960  (CONFIDEiTIAL) 


Jt20 


CONriDENTIAL 


CONFIDENTIAL 


CHAPTER  VI,  REFERENCES 

1)  Eoatviright,  V.T. ,  Jr.  .The.  Conuiianct .loop i  Genc-ral  Dynamicc/Eiectrlc 
Boat,  Groton,  Cohn.,  P!j8=i07,,  CEB  *113,  June  19::8  (CONFIDEMTIAI,) 

2)  Command  .Loop-. inf  otTCation  ^Regulremente  -  Study. .  Period  5  Jan*  -  5 
Aug.  1959;  Melpkr,  InCi,  C6929  (CONPiDEiS'TiAL) 

3)  Vaughanj  W.S.,  Jr.  Schrclberi  A.L, ,  MeUrane,  P.T. ,  McCrat.h,  J;E.  , 
and  Havron,  H.D.  .Command  .Information  .and  Control  Reguihements . 

Human  Sciences  Research,,  Ihc. ,  CW-1,  Sept.  1959  (CONFIDENTiAL} 

Jl)  Vaughan,  W..S.,  Jr.,  Scln’elberj  A.L. ,  Vlrneisbn,  TsK. ,  and  Witten¬ 
berg,  J.A.  Information -Requirements, . for, Slx-Command  De'clhlohs. ...The 
Advanced  Submarine  In. an  ASW. Mission.  Human  Sciences  Research, 

Inc  .  ,■  S9772 ,  Aug.  1960  (SECRET) 

CHAPTER  VII,  REFERHICES 

1)  Hclntz,  R.M. ,  Centralized  Monitoring  for  Shipboard  Electron. Systems. 
Stamford  Re.tearch  Institute  Report,  Mav  1961. 

2 )  Coordinated. Ship  Electronics  Design,  Phase  li  Final  Repoi’t.  Volume 
li.  General  Dynamlcs/Electrlc  Boat,  Groton,  Conn.,  Dec.  1961 

CHAPTER  Vill,  REFERENCES 

1)  Chapanls,  A.,  Research  Techniques  In  Human  Engineering,  Johns 
Hopkins  Pre.ss,  Baltimore,  !*'d. ,  1959 

2)  Dutton,  D. ,  Navigation .and  Nautical. Astronomy.  U.S.  Naval  Institute, 
Annapolis,  Md, ,  19^2 

3)  Knight,  A.M.,  Modern  Seamanship,  Van  Hostrand,  New  York  19^3 

A)  Noel,  J.V. ,  Jr.,  and  Chandler,  C.R.,  The  Watch  Officer's  Guide, 

U.S.  Naval  Institute,  Annapolis,  1956 

5)  Seamanship .  U.S.  Government  Pi-Lntlng  Office,  Wash,,  D.C.,  NavPers 
16118-B,  1953 


tel 


CONFIDENTIAL 


CONFiDENtlAL 


V.)  The.  Submarine ;  U.S.  Goverhinent  p*>l.nLinE  Office,  V.'ar.Ji,,,  l>.0., 

Navt'ors 

7)  Submarine  Flge-.Con.tK6L  a»d-fao,tlcs.  Manial.  UiS.  Naval  Submarine 
School,.  Hew  London,.  Conn.  (CONPltiEHTIAL) 

i)  USS  TIOIESHER  INSTRUCTION  5^t00.1,  USS.  THftKSHER  Ormnizalloh  and 
ReKUJLafclona.,Manual.  USS  THRESHER  .<5S(N)r/93/E.P..O,,  New  York,  36: 
Sep.fc,  ISCO 

•*)  Attack  Ccr.eel:.  Mk -lO,  .M6d,Q.-..0e)'‘.e>'al  re<^oripklc.h-andv.Qberatloh. 
Department  of  the  Navi',  Bureau  of  Ordnance,  OP-2976,  Nov.  1959 
(CONFIDENTIAL) 

10)  Torpedo.  Con ti;Ql  Unit  Mk.  3.0  Hod  0  Dcacrlptloh,.  Oporatlonj  .and 
Maintenance .  Dopar*-nent  of  the  Navy,,  Bureau  of  Ordnance,  OP-2577, 
Nov;  1959  (CONFIDENTIAL) 

11)  Submarine  Fire  Control  System  Mk  112  Mod  1  (uj.  Bulletin -of-Ordr 
nance;  Information.  No.  A-58,  Department  of  the  Navy,  Bureau  of 
Ordnance,  Doe.  1958  (CONFIDENTIAL) 

12)  Hk  37  Mod  0  Tact  leal -Doc  trine,  Parte  I  and  -XI.  Submarine  Develop¬ 

ment  Oi'oup  'iVo,  U.S.  Naval  Submarine  Ba.co,  New  London,,  Conn., 

1912  (CONFIDENTIAL) 

ll)  Star.dat;d  Submarine  .Phraaeology ,  Operationtj  Department,  U.S.  Naval 
Submarine  School,  Hew  London,  Conn. 

1 A )  Submarine  Taoticc  -  Independent  Approach  and  At t a c k  Aga Inst  Sur¬ 
face  Tarpiets,  (FILM),  U.S.  Navy,  MN-8A87A,  I9C0  (CONFIDENTIAL) 

15)  Submarine  Tactic..  -  Approach  and.  Attack  Techniques ,  (FILM),  U.S. 
Navy,  MN-8;t87iJ,  l§->0  (CONFIDENTIAL) 

IG)  Submarine  Tactics  -  Fundamentals  of  Approach  and  Attack  Afcaln.-.t 

Snorkollng  Target.  (FILM),  U.S.  Navy,  HN-8A8YP,  I960  (CONFIDENTIAL) 


A?2 


COh.FIDENTIAL 


T. 

t’i 


I ) 


'  I 

f 


c 

V 

t  ' 

I; 

V 


i 


f* 

I 


CONFIPENTIAL 


CHAPTER  Vlii,  LIST  OF"  PERSUNS  AND  mCES  yiSITEIi 

U;S.  .  Naval  .Sub'friarlnet.Sch66i'.  .Zi^actlcs-blvisldh. 

CDR  LiA;  Cravener 
LT  D.Ej  :Curtlh 
LT-  D.B.  MacCiary 

U;S;,.Navai. Submarine  School -Advanced. Taetlos-Pivision 

CDR  G.H;.  Maliohey 
Submarine.  Dbvelopmehtt..0roup..'r-v)6. 

LCDR-G.R.  King,  R.'N. 

■  Submarine. ,SQ'uadr6n„  10 

CDR  W.E, Cummins 
Submarine .  Squadr6n.-iA 

CDR  0.  Kiihzey,  Jr. 

USS.SKIPJACK,.,(SS(N)5fc5) 

LT  WiC.  Greenlaw 

USS.  PATOiCk.H^RY  (SSB(N)599):.-(6ff-duty..Crew) 

LT  Difi,  tilmer 
LT  R.T,  Wright 

USS  THOMAS  A.  .EDISON .(SSB(N)&10)_(0ff~duty.Cfew) 

LCDR  V.S.  Lunt 

CHAPTER  iX,  REFERENCES 

1)  MafcheTOfclcal  Concepts,  of  the  ASP. Fire  Control  Computer 
Ci»17-6l-6ll,  October  1961 

2)  Optimal  Firing  Angles  and. their, Aeguislt Ion  Probability  for  a 
Salvo. of-  Straight- Running  Toroedoes.  EB  report  01417^2 -01  At 

3)  Digital  -Simulation  of-.a  Conformal  DlilUS  Sonar  System  (Phase  il), 
EB  report  U«iJ)-6l-010. 


I 


CONPOENTIAL 


confidential 


l| )  i^hthesls  or,  a  Contgol  System  for.  Automatic  liarieii'/orAnK  of-Sub- 
marlhos ,  RB  i'onort  cJilY^S-Oly: 

I 

BT  .'Rie.^NTB-  inert laj-NavlRabox*,  Aiitonetics  Report  EM-sUlOi 

6)  Phase  I  Final  .Repor,t^.  Coordinated  ^tp  Electronics  Design, 

Volume  lil-j,  i  December  1961. 

7)  IBy..  r,.Elr.al  Rer-'ort  for!..SlJB!rc  .Weapon?  Control  .Information  Regulre- 
mehts-StudVi  1  Jxily  i96Qi 

8)  Small,  a  tXpw  0C7lt^cl^ _ SyHtcm,  Volume  li.  SPADE,  MEL/Report  IfVIR, 


h2A 


CONFIDENTIAL 


CONFIDENTIAL 


APPENDIX  I 

CONCEPTUAL  DESIGN  STUDY 
(PERT  CHART) 


CONFIDENTIAL 


COMMAND  CONTROL  STUDIES  WEAPON  CONTROL  STUDIES  I  TARGET  LOCALIZATION  S*”JOl£S 


1 _ eog"  14 _ 


susnoc  EftA  ERROR  AN; 
_  2001-35 


lOPTtMUM  SCH  PATTERN  H/ 


mi 


^ALTERNATE  SMROCC  a*  TECH 


I  NON  W/«  tdRf>  INTERF 

1  _ 801-  14 


W/0  TORP  INTERFACE  RtQS  I/iA 

_ 80  M  r\^^; 


I  2  WAY  W/9  COMMUNICATIO 

I  120  r-  21 


I  way  m  ballistic  calc. 
_ 101-14 _ 


WETpON~REAOiNESS  REOS.  LAtV-IW/G  post  FIRING  check  PEOSL/i^ 
eois.-i4  rVvl  floir-14 


ELIM  KILL  PROS.  STUOl 
1601-  28 


IEjyy^jC_Nj^L.  STUDIES 


Wy  DETECTION 

USE 

OF  STABILIZATION  1 

80  I,  40  5ir-2B 

_S£. 

.1.-  '4  - [ 

X*  DETECTION 
80  I. 


ALTERNATIVE  DETECTORS 

801-14 


USE  ST^IILIEATION 
_ 8V  -  -  '4 


use  Oe  STABILIZATION 

U— 

SELECTIVE  filtering  PROC 

[-©H 

VAR  TOT  DECTECTIBILITY  ANAL 

^.„VJ00C  PASSIVE  SONAR  SYSTEM  L 

80  1  -14 

240  1-21 

240  X  -21 

120 1  - 14  r 

130 


COMMAND  CNTL 
STUDIES 


PASSIVE  SONAR 
STUDIES 


ACTIVE  SONAR 
STUDIES 


1201,  960  QZ,  320X-S6 

1601, 320  IS  •  66 


3201  •  36 


320  1,  I601S,320Z-S6 


80  I,  160  IS  •  26 


SUBiC  FY  65  SHEET  #  5 
DETAIL  3 


€<5NFIi)ENIIiiiL 


INDEX 


Actlve  tracking  btsfcioh  130 

Acoiis*^.’?  ^et^ctlon  «n.vlrcnr.snt  dicplcy(ADED) ,  io'mharicl  207 

Command' data  .processing  requirements  liOO 

Additional  hovering  system  instruments,  Figure  3-1^  70 

Advantages  afforded  by  the  operations  console  2i4 

Advantages  and  expected  gains >  control  room  arrangement  W 

Allocation  of  functions  to  man  and  machine,  fire  control  138 

Allocation  of  tasks,  fife  control  1A8 

Analysis,  fire  control  l^il 

Of  functions  and  tasks;  Sonar  surveillance  88 

Analyzer  keyboard  i7'< 

Annunciator,  computer  keyboard;  auxiliary  propulsion  system, 

and  emergency  helm;  Figure  ^ill  63 

Areas  for  continued  work;  sonar  surveillance  ^1 

Assumptions  and  constraints 

Fire  control  1^1 

Ship  control  19 

Assumptions 

Fire  control  l^fl 

Operational  sequence  S6i 

ASW  action 

Command  operational  sequence  test  321 

Fire  control  operational  sequence  test  303 

Operational  sequence  test  264 

Ship  control  operational  sequence  test  ?85 

Sonar  surveillance  operational  sequence  test  204 

Table  8-4  265 

ATF  mode  using  the  pi^formed  beam  system  395 

AT?  mode  using  the  spherical  system  396 

Automatic  and  oulckexied  calculations,  ship  control  33^ 


I-l 


CONriDENTiAL 


CQNFIlEtSItlAL 


Autoinatlc  Control  equations,.  Ship.  coin,rol 


Alitx*y  displays  I'or*  ■9td55f*ing  cidvXh^^.  Pl^ui'6 


B 


^  okgr‘c)uncl  of  the  study 

Operations  and  ir.onltoring  station 
fe.llast  and  ti’lm  control 
^lllStic  equations 

Bearing  prersmoothlng  (used  in  mode  ?) 

C 

Cciestlal  navigation  calculation 
Chi-square  calculation 
Time  test 

Classification  station 
Figure  'li'l 

Closed-loop  fire  control  system,  the 
Command 

Controls  and  displays 
Data  processing  requirements 
Decisions  and  Infomatloh  requirements 
Function,  Figure  6-? 

Operational  sequence  test  of  console  feasibility 

Requirements,  Table  6-1 

Station 

Station,  -Figure  6— 't 
Computational  rates 
Computational  tasks,  fire  control 
Computer  functional  requirements  for  command 
Computer  Implications 

Conceptual  design  of  a  fire  control  dtation 
Conceptual  design  study 
Consols  design,  ship  control 
Consort  operations 


J?sge 

3'I2 

57 


1 

67 

m 

357 

im 

391 

39? 

is? 

lie 

35i 

183 

199 

399 

195 

106 

307 

197 

S03 

^4 

350 

150 

399 

357 

350 

Appendix  1 
47 
37? 


COhFIDENTIAL 


CONFPENtiAt 


page 

Cons'iraints.i  r^re  confciv)! 

iljp 

CoTvtaot  status  display-,  sonai’  surveillance 

nr 

Control  room  aiTrangemeht- 

■11 

For  Fy-Cp  ASV/  Submarine 

frontispiece 

Plan  vi'ey.'.  Figure, 

IP 

Control  and  display  panel  faces.  Figure  f-5 

S06 

Controls  and  displays 

Command 

r05 

At  active  tracking  station 

130 

Classification  station 

1P2 

Frequency  monitoring  station 

119 

Localization  and  tracking  station 

125 

On  passive  initial  detection  panel 

113 

Controls,  skip  control 

6o 

Course  control 

27 

Criterion  control  and  zlg  Indicator 

176 

Cross  section  of  ship  control  console.  Figure  3-3 

50 

Cursor  conli-ol  and  zlg  entry  button 

176 

D 

Data  nrocosslng  requirements 

32'/' 

De-stabilization 

397 

Decision  tasks,  fire  control 

lAB 

Defirdtlon  of  functional  areas 

229 

Of  the  situations 

2?5 

Definitions,  fire  control 

liii 

Delineation  of  the  situations 

Depth  control 

22 

Keeping 

25 

Seeking 

24 

Description  and  arrangement,  control  room 

11 

Of  classlflcatlofi  station 

123 

1-3 


CONriDENTIAL 


CONFIDENTIAL 


Of  funotijnSj  tasks,  and  Informa'-ioh  rnqulreraents 
Of  principal  displays  and  operations,,  sonar 
surveillance 

Cesigh  philosophy i  ship  control 

Desirable  fire  control  computer  characteristics 

Determination  of  functions  and  task  analysis,  firu  control 

Digital  filtering 

Displays j  steering  and  diving 

Diving  mode  selector  switch 

C 

Emergency  diving  displays i  Figure  3-3 
Emergency  operation,  fire  control 
Equations,  fire  control 

F 

Figures 

Additional  hovering  system  Instruments,  3-liJ 
Annunciator,  computer  keyboard,  auxiliary  propulsion, 
and  emergency  helm,  3-11 
Auxiliary  displays  for  steering  and  diving,  3-Y 
Classification  station,  ft-A 
Command  fiuictlon  6-? 

Command  function  simplified,  6-3 
Coimnand  station  '6-A 
Control  and  display  panel  faces,  6-5 
Control  room  arrangement  for  ASW  Submarine 
Control  room  arrangement,  plan  view,  2-1 
Cross  section  of  ship  control  console,  3-3 
Emergency  diving  displays,  3-8 
Fire  control  console,  5-1 
Frequency  monitoring  station,  i)-5 
Initial  detection  station,  A-2 
Intercept  course  predictor  system,  7-1 


I-A 


91 

ii5 

46 

351 

138 

346 

55 

336 


58 

165 

357 


70 

63 

57 
116 
186 
191 

20  4 
206 

frontispiece 

12 

50 

58 
169 

109 

103 

?13 


CON'IDENTIAL 


CONFiPENtlAL 


Joystick  control.;  TV  azimuth  selector,  and  speaker 


mike,  3-if'  62 

Main  ballast  tanks  system-,  3^12  ^ 

Miscellaneous  status  Indicators  and  alarm  system,  3-l6  79 

Reach  distances  to  ship  control  console,  3-5  5? 

Relation  of  command  to  functional  areas  of  the 

submarine  6-1  184 

Rlgiforsdlvc  Ihdlcatoi’'’, snorkel  and  mast  order 

controls  3-15  7^ 

aelector  controls  for  steering  and  diving,  3-9  61 

Ship  control  console,  3-1  ^8 

Ship  control  console  dimensions,  irk  49 

Sonar  surveillance  stations,  4-i  108 

Special  and  variable  ballast  systems ^  3-13  69 

SQUIRE,  3-6  56 

Target  analyzer  keyboard,  5^3  175 

Target  localization  display,'  5-2  173 

Tracking  station,  4-5  111 

Viewing  angles  to  ship  conti’ol  console,  3-4  51 

Zlg  detection  section,  5-'»  177 

Pinal  console  design,  fire  control  140 

Klre  control  vlll,137 

Console,  Figure  5-1  169 

Data  processing  requirements  350 

Operational  sequence  test  of  console  fcsziblllty  300 

System  mission  142 

Porwerd  ill 

Frequency  nioiUtorlng  station,  sonar  surveillance  119 

Figure  4-3  109 

Functional  ahaiysls,  f.'re  control  lt4 

Function  descriptions 

Console  design,  ship  control  53 

Ship  control  21 


CONF’OENTIAL 


PY'uf)  ship  control  conaple  desci'iptron  '16 

C 

Generai  concepts,  sonar  aorvelilarice  86 

Pire  control  168 

Fy'65  ship  control  console  ii6 

Generic  mlasiohi  2'irc  control  13Y 

Getting  underway 

Operational  sequence  adtall  g30 

Ship  control  operational  sequence  test  eY/5 

Sonar  surveillance  operatlcnai  sequence  test  t'8T 

Table  8=1  .231 

Gross  OTT  mode  3'>^* 

H 

Hovering  control  338 

Equations 

System  YS 

I 


information  requirements 
Analysis,  fire  control 
Analysis,  Table  'l-i 
Methodology,  fli'c  control 
Ship  control 
Sonar  surveillance 

Information  I'equlrementa  for  the  ship  control  tasks.  Table  3-? 
Initial  detection  station.  Figure  t-p 
Intercept  course  predictor  system 

Course  predictor  system.  Figure  7-I 
Equations 

Intei-pretatloh  of  the  sequence 
Introduction 


150 

•151 

131 

38 
8'1 

39 

109 

212 

213 

383 

?S^ 

1 


1-6 


CO^.FIDENTIAL 


CGNFIPMM 

Page 

Introduction 

Commaria  183 

Data  processing  requirements  BrV 

r’lre  control  137 

Ope  rat  ’''nai  sequence  SSi, 

Ship  control  I? 

Ship  control  data  processing  333 

Sonar  surveillance  firi 

J 

Joystick  controlSj  T/  Azimuth  selector^  and  speaker  mike, 

Figure  3^10  62 

k 

•Keyboard j  fire  control  179 

L 

Linear  dig  detector  359 

List  of  Figures  xxill 

List  of  Tables  •  xxv 

Localization  and  tracking  station  125 

Lofan  C  solution  405 

M 

Main  ballast  tank  system  6? 

Figure  3-12  68 

Maintenance  and  monitoring,  ship  control  data  processing  349 

Man  and  machine  in  their  proper  perspective,  fire  control  350 

Method  of  presentation  228 

Operational  sequence  224- 

Used  in  this  study  6 

Methodology,  data  processing  328 

Fire  control  137 

Miscellaneous  instruments,  ship  control  78 

Ship  control  tasks  28 

Status  indicators  ar..i  alaj-m  systems.  Figure  3-l6  79 

Tasks  ship  control  75 

1-7 


CONPDENTIAL 


GONFPWIAL 


Miscellaneov?  instri'ments  fcon't.) 

Tasks  ship  control- 
Mode  1,  oomifiahd 
2-,  conKiand 
Mode  2,  solution 
Modes  oi'  operation,  ship  control 
Monitoring  cohsoie 

and  operatldhs  stations 

H 

Navigation  data  processing  requirements 


llSRe 

75 

^>08 

■;oii 

366 

a5 

xi 


ii03 


0 

On-atatlon  patrol 

Conmar.u  jperational  sequence  test  311 

Pi:--e  control  operational  sequence  teat  300 

Operational  sequence  24? 

Ship  control  operational  sequence  test  ?82 

Sonar  surveillance  operational  sequence  test  289 

Table  8-3  248 

Operation  of  active  tracking  station  133 

Frequency  monitoring  statloi!  120 

Passive  tracking  station  127 

Operational  description,  fire  control  168 

Operational  sequence  221 

Analysis  and  testa  xii 

Detail  230 

Operational  sequence  tests  of  console  feasibility,  command  30? 
Fire  control  300 

panel-face  layouts  275 

Ship  control  275 

Sotiar  surveillance  28? 

Operations  and  monitoring  stations  211 

Console  211 

Operator  tasks,  fire  cc-un-d  150 


1-8 


COr^FIDENTIAL 


GONfiBlNTlAL 

Page 

Overview  of  :par,ei  face  detail  discussion,  sonar  surveillance  10? 

Overview  of  the  study  v 

P 

passive  classification  393, 

L'eteotloh  388 

Range,  tradklhg 
Tfaclclfig 

Padoive  initial  detection  station  ■'IP 

Personnel  requirements j  Table  Isl  9 

Phase  i;  initial  search  and  detection  91 

II!  classification  96 

III:  localizing  and  tracking  99 

Phyalcal  description,  ship  control  console  design  ^17 

Postiflrlng  guidance  I67 

Preface,  ship  control  1/ 

Preliminary  console  design,  fire  control  1^0 

Mission  analysis  evaluation,  fire  control  1^0 

Preset  torpedo  equations  380 

Present  status  in  quantitive  Information  processing  352 

With  respect  to  ballistic  solutions  355 

With  I’espeot  to  localization  solutions  353 

With  respect  to  solution  quality  356 

Primary  mission  analysis  evaluation,  flt-e  control  140 

Preble'S  as’eas  Iss  defining  the  data  processing  requls-ements  332 

Puirpoae  and  objectives  v 

Purpose,  ship  control  17 

Q 

Quick  passive  ranging  361 

Quickened  equations  3^^ 


i-y 


CON'-IDENTIAL 


COMSi&ENTiAL 


Rates-,  na.vlf'atlon  data  .proeSssihg  fertuiTjim&nlii 
Reach  distances-  to  ship  opntvpa  cpnsolej  j figure  3^5 
RSferdnces 

Chapter-  IV. 

V 

yi 

V'li 

Vill 

ix 

hist  of  persona  and  places  visited- 
Reintegration,  ship  control 

Relation  of  command  to  fiinatlonal.  areas  of  thd  subhisrine., 
Figure  (i-T 

Relative  motion  analysis 

Rlg-for-dl ve  InJl^utors,  snorUel  and  must  order  cohtrola,. 
R'lgurc  3-5‘i 

S 


ilagc. 

i(i6 

■5;' 

hvi 

’u-o 

e  £1 

'(?i 

mi 

86 

184 

36S 

76 


Selection  of  sequential  entries 

Selector  controls  for  steering  and  diving^  R.lgUrc  3-4 
Sensitivity  control.,  fire  control 

Sensor  Inputs,  ship  control  data  processing  requirements 
Ship  control 
Analysis 

Console,  Figure  3-1 
Console  description^  Fy'65 
Console  dimensions,  '"gure  j-  ■ 

Hala  nroc^rsslnp  requirements 
Mission 

vlperatli-'j’  !"qr.<  J -•('  t-at  of  Console  reaslblllty 
Tasks 

MIJ;.’  (.quat l-.i;!' 


??6 

61 

1V6 

33) 

Vllljl? 

il 

48 

q6 

4> 

333 

.;6 

^75 

t.4 

411 


CONFIDENTIAL 


M 

Sonar  .su»!yei43ahce  Ixy  85- 

JData-  processing  f^quiremehts  '  '38?’ 

Operational  sequence  tSst  of  console  feasibility.  587 

Statiohsj.  'KigurS  it-I  ,  lOS 

Special  and  -vaflabie  system.  Figure  3i-i3.  $9- 

Mllast  •System  67' 

Considefa.tiiohs,  fife,  control  Ibb 

Speqifioa.tiqris:  for  ship  c.oiiti'oi  station,  4jl- 

Speei;  control  87‘‘ 

•Ordering  .  75’: 

.Spread  fire  paic'iiations  and  torpedo  hit  probabilities  373 

SQUIRE,.  Figure  3=6  56 

Stahilization  -396 

Statue  of  tlie  study,  data  processing  requirements  330- 

Steerlrig. -and  diving j  ship  control  tasks  SV 

Auicliiary  displays)  Plgtire  3^7  57 

Cbhtrois  and*  displays  ,337 

.Steering  mode  selector  switch  §35 

-Submerging  ?g 

SUBRQ.C  aquat.lons  385' 

SliBROC  kill  probabilities  579' 

Sumniary  of  adcomprishments  t 

Cata  for  ship  control  station,  Table  3^3  -81 

llata  for  ship  control  tasks.  Table  3=1  30 

Of  Inputs  and  outputs,  ship  control  3'I0 

Results,  abnelwsions,  and  recorRmehdatlond  v 

Supplementary  Information  requirements,  ship  control  38 

Surfacing  S3 

SurVeiilanoe,  dperatlcnal  sequence  test  S87 

T 

Tables 

ASW  Action)  8=4  S65 

Conunand  requirements,  6=i  197 


i-ll 


CONriDENTIAL 


Tables  (eon't. )  Pago 

Gettine  underway^  8-1  ?3i 

inforaafcion  requirsmertts  analysis j  fi-l  -51 

info raa.tion -requirements  for  ship  oonir-ol  tasks,  3-?  39 

r>ist  of  -xxv 

On  station  pprol,  .8-3 

Personnel  requirements,  1-1  'i 

Suiranary  data  for  the  ship  control  station,  3*3  3l 

Summary  tor  the  ship  control  tasks,  3rl  30 

THRESHER  personnel,  oriahizatioh,  la?  10 

Transit,  8=2  fJiO 

•Tactical  display,  fire  control  178 

Coimiiand  201 

Command  data  processing  requirements  390 

Target  analyzdr  170 

Analyzer  keyboai'd,  Klgure  5=3  175 

Data  display  171 

hocallzatioh  display  172 

hocalizatlon  djspiay,  figure  5-:'  173 

Task  allocation,  ship  control  37 

Sonar  surveillance  88 

Task  analysis,  ship  conii-oi  20 

Descriptions,  ship  control  21 

The  6losed=loop  fire  control  system  351 

The  commafsl  function,  Kigui’e  6=2  186 

The  command  station  203 

The  display,  fire  control  178 

The  pj-esent  approach,  command  18-1 

TliriESHER  peraonnel  Organization,  Table  1=2  lo 

Time  scale  control,  fire  control  176 

Tracking  station,  Figure  k-k  111 

Transit 

Cuinraand  operational  sequence  test  3O0 


Transit  (oon't.)  £Sfi£. 

Operational  sequence  detail  P30 

Ship  control  operational  sequence  test  £7') 

Sonar  surveillance  operational  sequence  test 
Table  8-2  pUO 

Tube  and  weapon  status  panel  179 

TV  persloope 

V 

Variable  ballast  system  71 

Integration  time  389 

Viewing  angles  to  ship  control  console,  Figure  3-^  51 

W 

Weapon  direction  l66 

Weapons  available,  kill  probability,  command  209 

Weighted  mean  calculation  39? 

Wire  guide  torpedo  equations  38? 

Z 

^Ig  detection  17C 

Section,  Figure  p-’i  177 


X-13 


•H  /3  H 

U  ^ 

*>  CO 

o  Co 
(D  :£  o  o 

w  <  >i<'j  3 

\  TJH  U) 
M  U\  UN 
ONO  *•>  CJ  f>« 

‘fi  r  w . 

fa  ^  {« 

q  A  O  ^  fo 

'^&'o335  •* 

?iiSsc'"& 

r;S!ii®^^vp 


r<  4>  I  ^ 

I  q  i-t  I  £  >>ri  i)  I  M 
n  t  u  G,  O  U  O  t9  O'O  G 
oa)00^<oa>(OrH(4  qviw 
^(iCtc^oc^u  H  fi  Cl  q 

+>«rf  oo  rtcqaoboc 
csoi-sco'o  «HOOMC-iqc 

O  O**^  »U  O'-^  •  *0  O  «r<  V 

OllCC^  OQI 

^  e«^ldc  COnqrHClE 
o>kOONO‘oq(4q^po.atf,? 

q  i«  fcf  wi  «-i  la  ^  M  W  O  l'- 

^-4  q  O' <d  H  o  «-«  o  Cl  c.  *:]  ■»* 

4><HoeP«>q::  ouuoc^n  cj 

q  *0  C<  ^  C  >^  O'  B  o  O  a  o  CJ  :■>  o 

bOi  9o>;oo3co  O'OtJo  » 

<ri<-1t0v)0*r«  OBnU  »  oo 

*»  p  G  W  >>  •<  HW  o  C,  O  E  «.  <' 

o  Cl  <ri  o  <0  o  c  o  ^  ••< 

O-^«)ti)4^0rit)C^0  U  C-«^  « 

>Cttrtvj*>irtflC4-oo  oo*»  ' ! 

COOnfiCSW  t.  *JmT3rS  > 

^HcooSvH'o  t,o  eoqoOi  ); 

»  P  I  P  w  'O  o  O.H  ^  c;  o  o  >  I 

•c  c  Cl  JK  S.  tfi  >  c  ^  «  a  rt  o  c  i  ■ 

o  o  am  £*^o  c.  >^0  0 

M-H  isjacrs  vo*^  4ir^r^c,  >. 

^  i>  flyj  o  c  M  i>  R  o  cfa  (.v 

i>  ^  q  g  .c  o  c  t6  c  o  R  ch  »  r£ ; 

o3'oiRs:c:c:A.,^0(o  o  >^i 

*0  U>_  H  a  O  «  •H  q  -U  q  ri  q  t 

«n'0  RCn.'iiJO*^  04^  ffl  M* 

ViOicpio  ^u'oqt^.  qcS’op; 
OUqM«Hnqq  gc-pi. siop  tj 
o  ^  t5  *9  ^  a.  0  G  p.  •H  a  'v-<  .», 

O  »  q  cJ  M  U  H  U<H  O  &  O  ‘0  i 

C4_Ma\g<r«  o*HPn>-i^qr('i 


»  q  U  M  U  H  o  o 

C4_Ma\g<r«  o*HPn>-iJjqri 
0  0  ^NO  p^.conc«u>'UviKo 
apcr  U)oocdccoqr-ip> 
ooo^<Hqqvi003rio<Hao  -  ■,  • 
0;C4Qa«M«>uiuoo;.aoxNoxc  ,oc^^ 


V  S  r^ 

m  a  rH 

G  O 
♦J  <0 

u  O  o 

o  o 

W  c« 

W«4^,(V.  3 

-^O  iH 

V)  (4  *.  3  iTN  **1 

ovo^^cv:  a 

riJ 

B  ><  C4  »*% 

qr  .  c  f»» 

r «  U  Q  s 
CHOP  CJ  '*. 

I  to  ^  o 
(Nj  n  q  c  U 

VO  q  Ccc  r  H  q 

I  u  tis  ‘ .  a 


r<  O  {  ^ 

I  q  iH  1  ,c  ;»>rt  o  I  w 
f-4ii»q  oooqop  >>*H  R 
ooooo-woqrit.  qWH 

c,  o«  o  o  R  C4  u-^  H  fH  q  q 
•p  o  o  t3  c  q  o  fl»  u) 

C  3  w  y  »:  o  -o  •.-*  c  «  u  q 

o  cr*>  o  0'-'  •  p  -H  %-i 

O  O  R  C:  O  63  I  P  p  r1  0, 

.>:jPwrHr-iyiq3 

c  *  -a  z  Ro>.qf*i3i 

V*-  oyNC>poKqpoo.i*!: 

q  M  R  V4  t'  E;  p  t,  C/ 

fc*  <H  -»  ►-  r*i  C  O  C  C  p  ■*•'  O 

o  v-rj^oo^cqE 
•  O’qc.  pfe;*riy  -HOO 

P  «r «  O  b  ♦>  vJ  q  3  O  p  O  O  C 

q  *0  c«  p  R  }•.  cr »:  o  o  a  o 

U>i  3c»>too:-Ro  OP 

•'<  f*i  U)  wi  y  •■n  fi  fc;  q  Vi  •  O 

*>  o  s  •  s  r. '.1  o  0 

o  Cl  <rt  (0  »•'  .a:  p  M  4)  C.  0  ?• 

O  p  O  W  *^>  o  **1  63  a  O  HO* 

>  c  w  q  H  «>  q  q  o  «■•  o  c*  o 

c  o  q  H  £;  c;  3  »'  o  -  q  p  »-i 

«r<  O  €■>  O  J«  q  B  O'  Cj 

•  o  I  q  -r-i  p  o  n,H  p  p  o 

p  c  o  a  6;  >  R  V.  q  3  w  « 

q  o  a(H  c  *«  q  Cl  Tt  63  q 

rlH  3Jx:OP  POP  PrH 

-t  i>  q  CO  o  vt  R  .M  q  v<  c  q  h 

q  q  4>  (u  4>  «<.  q  q  o  jc;  c*  3 

p:«qccx:o  gwj:v>pco« 
O3ps:ui:c:o«r!yw  o 
p  f-*  3  o  ^  1  63  •ri  q  Vi  •* :  q 

H  p  r.  V,  4^.  43  q  OP 

v-o.c:;jo  popqt.  qr. 
ocqtOHHmc  CiRPCtti 

o  <  p  rt  4>  ::  p  3  o  r.  3 
p  q  •»  q  <*  w  V.  r4  tc-i  q  U)  C'. 

c*  «i  o » C4  v^  >  «i-i  43  n  ifi  3 

O  R  43-0  3  P  .C  V  33  V-4  t»  ■• . 

a  o  c  -  to  q  P  r.  R  c;  o  r  *-• 

qoo^Hqqv<oo3r-io«H 
(C  C4  E  b.  V4  P  u  C  q  q  Vi  a  V  o 


I 

-4-- 


■s 

c  <}  * 

„  p_  C,  1  I 

4>  o  •  ^ 

q  H  •  ‘  ' 

!.  O  ' 


